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Resumo 
 
Portugal é um dos maiores consumidores de peixe do mundo e é também o maior 
importador mundial de bacalhau salgado verde. Tradicionalmente, o bacalhau era 
conservado por secagem ao sol após ter sido salgado, e demolhado antes de cozinhado. 
Atualmente, uma parte continua a ser seca, mas uma quantidade considerável é salgada, 
curada, sendo depois demolhada e vendida como um produto congelado. A salga - 
processo antigamente destinado a obter produtos estáveis - é, nos dias de hoje, utilizada 
principalmente para promover importantes propriedades sensoriais que tornam os 
produtos salgados extremamente valiosos para os consumidores. Muitas variáveis (ex. 
temperatura da água, tempo de demolha, razão peixe/água, espessura do peixe) podem 
afetar a qualidade dos produtos finais durante o processo de demolha. Contudo, o 
conhecimento científico existente no que se refere aos processos de cura com sal e de 
demolha de bacalhau do Atlântico (Gadus morhua) ainda não é considerado suficiente. 
Deste modo, um dos objetivos desta tese foi avaliar as alterações de qualidade durante 
os processos de cura com sal e de demolha de bacalhau (até 76 dias e até 72 horas, 
respetivamente). Pretendeu-se também analisar as cinéticas de transferência de massa 
durante o processo de demolha de bacalhau (até 150 horas) através de parâmetros 
químicos e físicos. A cura com sal foi realizada a temperaturas entre 6 ºC e 18 ºC e a 
humidade relativa inferior a 80 %. Os processos de demolha foram efetuados a três 
temperaturas (5, 10 e 15 ºC), usando uma razão bacalhau/água de 1:9 sem mudanças de 
água. A influência da espessura também foi analisada durante os processos de demolha. 
A qualidade dos produtos foi regularmente avaliada durante os processos de cura com 
sal e demolha através de análises químicas, físicas, microbiológicas e sensoriais.   
 
Os teores de água e sal encontrados nas amostras curadas com sal a diferentes 
temperaturas permaneceram estáveis (cerca de 58.5 % e 19.4 %, respetivamente) 
durante todo o tempo de armazenagem. Apenas as amostras curadas com sal a 18 ºC 
após 76 dias apresentaram um teor de água significativamente mais baixo (56.0 %). Foi 
observado um aumento significativo nos valores de proteína e de TBA entre as amostras 
de bacalhau não salgadas e as amostras curadas com sal às diferentes temperaturas 
após 76 dias. Os valores de TVB-N também aumentaram, alcançando 17.6, 56.8 e 146.1 
mg N/100 g após 76 dias nas amostras curadas com sal a 6, 12 e 18 ºC, respetivamente. 
O maior aumento do teor de aminoácidos livres (74.4 mg N/100 g) foi obtido entre os 31 e 
os 76 dias de cura com sal a 18 ºC. Notou-se que, este aumento, os valores de TVB-N 
encontrados nas amostras curadas com sal a 12 ºC e a 18 ºC, o valor de pH (7.4), assim 
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como a maior intensidade de cheiro não característico e o aparecimento de uma 
tonalidade vermelha na superfície das amostras curadas com sal a 18 ºC, devem estar 
relacionados com o elevado número de bactérias halófilas obtidas nestas amostras após 
76 dias. Estas bactérias provavelmente também foram responsáveis pelo amolecimento e 
pela diminuição de gomosidade ambos presenciados entre os 31 e os 76 dias de cura 
com sal a 18 ºC, assim como pelas diferenças de textura encontradas entre temperaturas 
ao fim de 76 dias (na zona do lombo). Deste modo, os resultados microbianos mostraram 
que o crescimento das bactérias halófilas foi influenciado pelos tempos e temperaturas de 
armazenagem. Amostras curadas com sal a 18 ºC após 76 dias exibiram rouge (visível a 
olho nu), com uma quantidade de bactérias halófilas responsáveis pelo vermelho de 
aproximadamente 106 CFU/g. Geralmente, a cura com sal tornou os peixes mais 
amarelos e com menos brancura. Tal tendência foi mais evidente a 18 ºC. Tendo em 
conta os resultados sensoriais de cheiro e de muco, as amostras curadas com sal a 12 ºC 
após 76 dias foram consideradas perto da deterioração. Os atributos sensoriais (cheiro, 
cor, brilho e muco) das amostras curadas com sal a 18 ºC após 76 dias revelaram sinais 
de degradação. Portanto, a cura com sal não deverá ser efetuada a temperaturas acima 
de 6 ºC para evitar a degradação das amostras curadas com sal, principalmente através 
de bactérias halófilas. 
 
A espessura influenciou os teores de água e sal das amostras de bacalhau demolhadas. 
A maior captação de água e perda de sal foram observadas nas primeiras horas de 
demolha, a diferentes temperaturas, em ambos os pedaços de bacalhau analisados. Nas 
amostras mais grossas, as cinéticas de ganho de água e de perda de sal aumentaram 
com o aumento da temperatura até 24 horas de demolha. A percentagem de proteína 
variou aproximadamente de 21 % (antes da demolha) a 17 % após 72 horas de demolha 
para todas as temperaturas. Uma diminuição dos valores de TVB-N, TBA e aminoácidos 
livres foi também observada durante o processo de demolha a diferentes temperaturas 
em ambos os pedaços de bacalhau analisados. Relativamente ao teor de aminoácidos 
livres, as amostras mais grossas foram significativamente diferentes das amostras mais 
finas, sendo os maiores valores obtidos nas amostras mais grossas demolhadas a 15 ºC. 
Estes maiores valores foram atribuídos ao elevado número de bactérias proteolíticas 
encontradas nessas amostras. A cor dos produtos demolhados foi influenciada, a 
determinada altura, pelos tempos e pelas temperaturas de demolha. A captação de água, 
bem como outras alterações químicas e microbiológicas, foram consideradas 
responsáveis pelas alterações de cor observadas nos produtos demolhados. A brancura 
foi escolhida como o melhor parâmetro para avaliar a qualidade das amostras de 
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bacalhau demolhado. A demolha permitiu uma diminuição da dureza, da gomosidade, da 
mastigabilidade e da adesividade em ambos os pedaços de bacalhau analisados. Apenas 
os valores de adesividade, coesividade e elasticidade refletiram diferenças significativas 
entre as temperaturas de demolha. A espessura influenciou consideravelmente a maioria 
dos parâmetros mecânicos avaliados durante a demolha. As contagens viáveis totais 
(TVC) analisadas, quer no bacalhau (amostras grossas e finas) quer na água de 
demolha, bem como as bactérias proteolíticas encontradas nas amostras grossas 
variaram de acordo com a temperatura de demolha da seguinte forma: 5 ºC < 10 ºC < 15 
ºC. As enterobactérias e as bactérias produtoras de H2S foram apenas detetadas em 
amostras demolhadas a 15 ºC, respetivamente após 24 e 72 horas. Além da temperatura 
de demolha, também o tempo de demolha e a espessura influenciaram os resultados 
microbianos. O ganho de água e a saída de sal do músculo observados durante os 
processos de demolha criaram condições para o crescimento bacteriano, contribuindo 
para o processo de degradação das amostras demolhadas a 15 ºC. As medições de 
turbidez e do número de TVC na água da demolha demonstraram ser boas soluções para 
a indústria monitorizar os níveis microbianos nas amostras de bacalhau. Tendo em conta 
os resultados sensoriais, as amostras demolhadas a 15 ºC exibiram a menor intensidade 
de cheiro fresco e a maior intensidade de “off”- flavors e, deste modo, foram consideradas 
perto da degradação. Tal facto, está certamente relacionado com o elevado número de 
contagens microbianas encontradas nessas amostras. Assim sendo, as baixas 
temperaturas podem evitar altos crescimentos microbianos e as consequentes alterações 
de “off”-flavors no bacalhau quando demolhado. De maneira a prolongar o período de 
vida útil e a segurança dos produtos de bacalhau demolhado, a demolha a temperaturas 
acima de 10 ºC não é aconselhável.  
 
O equilíbrio entre a concentração de sal na fase líquida do músculo e na água de 
demolha foi alcançado após 24 horas nas postas finas e após 48 ou 72 horas nas postas 
grossas (mais rápido a 15 ºC). Em ambas as postas analisadas, os valores de variação 
de massa total dependeram, a determinado momento, do tempo e da temperatura de 
demolha, assim como da espessura. Independentemente da temperatura usada durante 
a demolha, o ganho de água e o peso continuaram a aumentar normalmente após o 
equilíbrio ter sido alcançado. Longos tempos de demolha podem ser uma boa solução 
para obter maiores rendimentos, sendo tais rendimentos ainda maiores quando a 
demolha é realizada a 10 ºC em vez de a 5 ºC ou a 15 ºC. O índice de refração pode ser 
usado como uma medição indireta para determinar o momento na qual as amostras de 
bacalhau estão perto do equilíbrio. 
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Como conclusão final, esta tese permitiu contribuir para o aumento da qualidade e da 
segurança destes importantes produtos alimentares bastante consumidos nos países 
mediterrânicos. Os dados compilados e as recomendações sugeridas podem, por sua 
vez, ser utilizados pela indústria.  
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Abstract 
 
Portugal is one of the greatest fish consumers in the world and is the first worldwide 
importer of salted cod. Traditionally, cod was preserved by sun drying after salting and 
soaked before cooking preparation. Nowadays, some of it still continues to be dried, but a 
considerable amount is salted, cured and then soaked and sold as a frozen product. 
Salting, an ancient procedure to get a shelf stable product, is at the present time mostly 
used to promote important sensorial changes that make such products very valued by 
consumers. During the desalting process, several variables (e.g. water temperature, 
desalting time, fish:water ratio, thickness) can affect the quality of the final products. The 
existing scientific knowledge of the salt-curing and desalting processes of Atlantic cod 
(Gadus morhua) is not yet considered enough. The focus of this thesis was to assess 
quality changes during the cod salt-curing and desalting processes (up to 76 days and 72 
h, respectively). Other objective was to analyze the mass transfer kinetics during the cod 
desalting process (up to 150 h) by chemical and physical parameters. Salt-curing was run 
at temperatures between 6 ºC and 18 ºC and relative humidity lower than 80 %. The 
desalting processes were performed at three temperatures (5, 10 and 15 ºC), using a 
cod/water ratio of 1:9 without water changes. The influence of the thickness was also 
evaluated throughout the desalting processes. Quality was regularly evaluated throughout 
the salt-curing and desalting processes by chemical, physical, microbiological and 
sensory analyses. 
 
The water and salt contents found in samples salt-cured at different temperatures were 
stable (around 58.5 % and 19.4 %, respectively) throughout the storage time. Only 
samples salt-cured at 18 ºC after 76 days had a significant lower water content (56.0 %). 
A significant increase on protein and TBA values was observed between unsalted cod 
samples and samples salt-cured at different temperatures after 76 days. TVB-N levels 
also increased over salt-curing reaching 17.6, 56.8 and 146.1 mg N/ 100 g after 76 days 
in samples salt-cured at 6, 12 and 18 ºC, respectively. In what concerns the content of 
free amino acids, the greatest increase (74.4 mg N/100 g) was observed between 31 and 
76 days of salt-curing at 18 ºC. Such increase, the TVB-N values found in samples salt-
cured at 12 ºC and at 18 ºC, the pH value (7.4) as well as the highest intensity of not 
characteristic odor and the red discoloration of the flesh surface in samples salt-cured at 
18 ºC, may be due to the greatest number of halophilic bacteria obtained in these samples 
after 76 days. These bacteria were perhaps also responsible for the softening and 
gumminess decrease observed between 31 and 76 days of salt-curing at 18 ºC, and for 
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the textural differences found between temperatures after 76 days (in the loin part). The 
microbial results showed that the growth of halophilic bacteria was influenced by storage 
times and temperatures. Samples salt-cured at 18 ºC after 76 days exhibited reddening 
(visible to naked eye) with an amount of red-halophilic bacteria of approximately 106 
CFU/g. Generally, salt-curing made the fish more yellow and with less whiteness. Such 
trend was more evident at 18 ºC. Based on odor and mucus results, samples salt-cured at 
12 ºC after 76 days were considered close to spoilage. The sensory attributes (odor, color, 
brightness and mucus) of samples salt-cured at 18 ºC after 76 days showed degradation 
signs. The results allow concluding that salt-curing should not be done at temperatures 
above 6 ºC to avoid the spoilage of salt-cured samples mainly by halophilic bacteria. 
 
The thickness influenced the water and salt contents of rehydrated cod samples. For both 
shapes of cod pieces evaluated, the highest water uptake and salt loss were found in the 
first hours of desalting at different temperatures. For “thicker” samples, the kinetics of 
water uptake and salt loss increased with the increasing temperature up to 24 h of 
desalting. Regarding protein content, the percentage ranged from approximately 21 % 
(before desalting) to 17 % after 72 h of desalting for all temperatures. The same 
decreasing trend was also found for TVB-N, TBA and free amino acids values during the 
desalting processes for both shaped cod pieces evaluated. In what concerns the content 
of free amino acids, “thicker” samples were significantly different from “thinner” samples, 
being the higher values obtained in “thicker” samples desalted at 15 ºC. These higher 
values were ascribed to the higher number of proteolytic bacteria observed in these 
samples. The color of the desalted cod pieces was, at a certain point, influenced by 
desalting time and temperature. The water uptake, as well as other chemical and 
microbial changes, were considered responsible for the color changes observed in 
desalted samples. The whiteness was chosen as the best parameter to assess the quality 
of the desalted cod samples. The desalting operation promoted a decrease of hardness, 
gumminess, chewiness and adhesiveness in both shaped cod pieces analyzed. Only the 
adhesiveness, the cohesiveness and the springiness values reflected significant 
differences between desalting temperatures. The thickness considerably influenced most 
of mechanical parameters evaluated during desalting. Total viable counts (TVC) analyzed 
both in the fish loins (“thicker” and “thinner” pieces) and in the desalting water, and also 
proteolytic bacteria found in “thicker” samples varied according to the desalting 
temperature in the following order: 5 ºC < 10 ºC < 15 ºC. Enterobacteria and H2S 
producing bacteria were only detected in batches run at 15 ºC, respectively after 24 and 
72 h. Besides desalting temperature, desalting time and thickness also influenced the 
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microbial results. The water uptake and the salt leaching out of the muscle observed 
during the desalting processes created conditions for the growth of bacteria, contributing 
to the spoilage process of samples desalted at 15 ºC. The turbidity and TVC 
measurements in desalting water were seen as good solutions for industry to monitor the 
microbial levels in cod samples. Based on sensory results, samples desalted at 15 ºC 
exhibited the lowest intensity of fresh odor and the highest intensity of “off”-flavors and, 
thus, were considered close to spoilage. This was probably related to the high bacterial 
counts found in these samples. Lower temperature can avoid high microbial growth and 
the consequent “off”-flavor changes in cod once desalted. In order to extend the shelf life 
and safety of cod desalted products, desalting cod at temperatures above 10 ºC is not 
advisable. 
 
The equilibrium between the salt concentration in the liquid phase of the muscle and the 
surrounding solution was reached after 24 h in “thinner” samples and after 48 or 72 h in 
“thicker” samples (and was faster at 15 ºC). For both shapes analyzed, the values of total 
mass variation depend, at a certain point, on desalting time, temperature and thickness. 
Regardless of the temperature used during desalting, the water uptake and weight 
continued generally to increase after the equilibrium had been reached. To achieve higher 
yields, the use of longer desalting times can be a good solution. Such yields seem to be 
even greater if the soaking is performed at 10 ºC than at 5 ºC or at 15 ºC. The refractive 
index can be used as an indirect measure to determine the moment at which the cod 
samples are near equilibrium.  
 
As a final note, this thesis contributed to increase the quality and safety of these important 
food products widely consumed in Mediterranean countries. The data compiled and the 
recommendations given can be used by the industry.  
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1.1 Foreword 
Drying and salt-curing of fish have been used as preservation methods since ancient 
times for the purpose of product storage stability (months or even years under the suitable 
conditions). However, these methods have lost importance for preservation purposes due 
to the widespread use of cold-based technologies in developed countries. Nevertheless, 
cod has long been highly appreciated as dried and/or salted product due to its high 
nutritional value (high protein and low fat content) and specific sensory properties (color, 
texture, aroma, and a characteristic taste) imparted by these preservation methods 
(Borgström 1968; Bjørkevoll et al. 2003; Lauritzsen et al. 2004b; Martínez-Alvarez et al. 
2005b; Heredia et al. 2007). So, the aim of salting and drying fresh cod is not intended 
nowadays to get a shelf stable product (low moisture and high salt content) able to be 
stored for several months, but to promote important sensory changes that remain during 
desalting and cooking and make this product very valued by consumers (Andrés et al. 
2005b). The different salting and drying processes, used for a long time now as a method 
of fish preservation, have been reviewed by Ismail and Wooton (1992). 
Before consumption, the products are subject to rehydration, which involves the fish 
soaking in water, resulting in water uptake and salt leaching out of the muscle tissue. After 
rehydration, the fish may be either consumed immediately, stored chilled for a number of 
days, or stored frozen and then used for the preparation of various cod dishes (Lauritzsen 
et al. 2004a). The particular texture and flavor make it extremely appreciated and, 
certainly, if a food could represent a country, Portugal would be culturally and historically 
typified by its hundreds of salted cod recipes from all over the country (Rodrigues et al. 
2003). 
 
At the moment, salted cod is still considered a highly popular product due to high demand 
and simplicity of processing (Gallart-Jornet et al. 2003). This important and traditional 
product is highly appreciated in many countries, is mainly produced in Norway and 
Iceland, and is primarily consumed in Mediterranean countries such as Spain and 
Portugal, as well as in Latin America (Thorarinsdóttir et al. 2002; Lauritzsen et al. 2004a; 
Andrés et al. 2005a; Martínez-Alvarez et al. 2005a; Muňoz-Guerrero et al. 2010) under 
the name bacalhau or bacalao (Bjørkevoll et al. 2003; Fernández-Segovia et al. 2007), 
with the United States rapidly becoming an increasingly growing market (Vilhelmsson et 
al. 1996; Thorarinsdóttir et al. 2001; Rodrigues et al. 2003). Already in 1999, Spain was 
the second country, behind Portugal, with the highest consumption of salted cod (around 
15 % of the Spanish market). The salted cod consumed in Portugal and Spain comes 
mainly from imports (mostly from Norway and Iceland) and from Portuguese and Spanish 
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factory ships. The salted cod-based products are of great economic and cultural interest in 
Spain (Barat et al. 2004b,c, 2006) and in Portugal. 
 
The annual consumption of salt-cured products based on cod from the North-Atlantic 
fisheries can be estimated to be more than 150 000 metric tons (Norwegian Export 
Council 2009). 
 
Salted cod has attracted increasing attention in recent years because several companies 
are interested in producing ready to-cook cod products, desalted directly from salted cod 
instead of from dried salted cod since it is more economic and convenient (Urch 1998). In 
fact, dried salted cod requires an additional processing stage: the drying stage (Rodrigues 
et al. 2005). Thus, despite traditionally drying the fish after curing (fig.1), most of it is now 
stored refrigerated and consumed “wet”. Already in 1996, the annual world production of 
cod was estimated at around 250 000 tons (Vilhelmsson et al. 1996) and only 10 % of the 
world production of cod was dried (Vilhelmsson et al. 1997). 
 
 
Figure 1 - Stages of traditional cod processing with the main intermediate products (adapted from 
Ismail and Wootton 1992; Di Luccia et al. 2005; Rodrigues 2006). 
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In the Mediterranean countries, cod is commercialized mainly as salted-dried cod with 
different moisture contents depending on the extension of the drying step (Andrés et al. 
2005b). 
A decrease in the salting and drying periods, the extension of the ‘‘water-horsing’’ stage in 
order to save drying energy, and use of unsuitable conditions for preservation (Freixo 
1947; Botelho 1952; van Klaveren and Legendre 1965) are some processing changes that 
have happened. Moreover, cod with low levels of salt can sometimes reach 40 % of a 
production batch. This cod, classified as being of inferior quality, can also be dried and 
sold in the market (Botelho 1952) (fig. 1). 
 
Many factors, including quality and condition of the raw material, the type, concentration 
and quality of salt, as well as the method used for salting, are believed to influence the 
quality and characteristics of the final product (Thorarinsdóttir et al. 2001, 2004; Andrés et 
al. 2002). 
 
Fresh raw materials and good manufacturing practices during salting, drying, and 
desalting are essential to improve cod quality and shelf life (Pedro et al. 2002a). 
 
1.2 Consumption and economic importance of dried salted cod in Portugal 
Portugal holds the 4th place in the world ranking of seafood consumer countries, with 
approximately 60 kg lwe per capita/year (lwe = live weight equivalent) (Pedro et al. 2002a; 
FAO 2004). About 40 % of this consumption refers to cod (Gadus morhua) in dried salted 
form (fig. 2). Portugal and Norway are the only countries in the world where dried salted 
cod is produced (Andersen et al. 2009). However, Portugal is the only consumer country 
in the world that for historical reasons has an important salting and drying industry of cod 
(Dias et al. 2003). Even with the development of other preservation techniques (like 
freezing) and correspondent facilities, the gastronomic culture of Portugal maintains the 
need of the supply of salted-dried cod (Brás and Costa 2010). 
Norway is the biggest worldwide cod producer and Portugal, by far the largest market for 
Norwegian dried salted cod (60 % of total export) (Dias et al. 2003; Nystrand 2012). 
Portugal imports cod from Norway at different processing levels. In 2010, about 24 900 
tonnes of salted dried cod were imported from Norway, along with 42 055 tonnes of frozen 
cod and also wet salted cod (Nystrand 2012). The last two are used for domestic 
production of dried salted cod, and after its processing are introduced in the Portuguese 
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market and exported for other countries such as Brazil, France and South Africa 
(Rodrigues 2006). 
 
 
 
Figure 2 - Dried salted cod in a Lisbon supermarket (Shatabisha 2012). 
 
1.3 Raw materials 
1.3.1 Fish 
1.3.1.1 Species 
In the production of dried salted cod, different species are used: Gadus morhua, Gadus 
macrocephalus, and Gadus ogac, being the first the most important in commercial terms 
and therefore the most studied. These species belong to the Gadidae family, to the order 
of Gadiformes and to the class of Actinopterygii (ray-finned fishes). Gadids are 
characterized by having 3 dorsal fins and 2 anal fins, with the first dorsal behind the head, 
no spines, pelvic fins before pectorals, teeth present on vomer, usually with barbell, no 
otophysic connection between swim bladder and auditory capsules, eggs without oil 
globules, and up to about 2 m maximum length in Gadus morhua (fig. 3). Members of the 
family are found in circumpolar and temperate waters, mainly of the northern hemisphere. 
So, it is possible to find members of this family in the Arctic, Atlantic, and Pacific oceans. 
Gadids are typically marine fish, but a number of species (like Gadus morhua, among 
others) tolerate low salinities and, hence, also inhabit estuaries and occasionally even 
freshwaters. Most species are demersal or benthopelagic, feeding on fish and 
invertebrates. Schooling and long-distance migrations are known for several gadid 
species (Cohen et al. 1990).  
Gadids are divided into 3 subfamilies that are rather different from each other. The 
subfamily Gadinae, which is the more important one in this study, with approximately 22 
species divided into 12 genera, includes some of the most abundant and important fishes 
in the sea, the true cods, genus Gadus, the haddock, Melanogrammus, and the Alaska 
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pollock, Theragra. The other subfamilies are Lotinae and Phycinae (Cohen et al. 1990) or, 
according to Nelson (2006), Lotinae and Ranicipitinae. Following Eschmeyer (1990), 
Lotinae and Phycinae are not considered subfamilies of Gadids (Cohen et al. 1990).  
 
 
 
Figure 3 - Graphical representation of the species Gadus morhua (FishBase 2012). 
 
Atlantic cod (fig. 3) have become scarce and are protected by strict management systems 
designed to limit overexploitation (Warm et al. 2000). The main cod fishing area lies along 
the coast of Newfoundland-Labrador, Iceland, Greenland, and Lofoten Island (Norway) (Di 
Luccia et al. 2005). Most of the cod landings are from traditional cold-water trawl fisheries 
of the northern hemisphere (Cohen et al. 1990) and in the case of Iceland trawlers provide 
over 40 % of the annual catch of cod (Margeirsson et al. 2007).  
The capture of cod has decreased gradually between 1970 and 2000, from approximately 
3 to 1 million tons per year. In 2010, the global capture production of Gadus morhua was 
950 950 tons. A sharp increase has occurred in the production of farmed cod between 
2000 and 2003, from 169 to 2565 tons. Such increase continued and in 2010, the global 
aquaculture production of Gadus morhua was 22 558 ton (FAO 2010). 
 
1.3.1.2 Raw material from aquaculture 
Farming of cod is currently a fast-growing industry and has received much attention 
(Jobling 1988; Tilseth 1990; Puvanendran and Brown 1999; Morais et al. 2001; Bjørnevik 
et al. 2003; Hemre et al. 2003, 2004; Gildberg 2004; Lauritzsen et al. 2004b; Kristoffersen 
et al. 2006; Rosenlund and Skretting 2006; Solberg et al. 2006; Duun and Rustad 2007; 
Herland et al. 2007, 2010, 2011; Mørkøre et al. 2007; Esaiassen et al. 2008; Solberg and 
Willumsen 2008; Gudjónsdóttir et al. 2010; Åsli and Mørkøre 2012; Björnsson et al. 2012; 
Hultmann et al. 2012). With the introduction of farmed cod, now there is a need for 
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understanding the changes in the product that occur during processing (Skipnes et al. 
2007). 
Compared to wild-caught cod that has limited access to feed, farmed cod is heavily fed 
with formulated feed during the production cycle, which results in a high liver somatic 
index and fast growth (Jobling 1988; Herland et al. 2007). Other prominent differences of 
farmed cod are the higher condition factor, the smaller head (Gildberg 2004), and the 
higher carbohydrate level in muscle tissue (Rustad 1992). Farmed cod also differs from its 
wild counterparts by having other chemical and physical muscle properties, such as lower 
water content (Table 1) and lower pH (Gudjónsdóttir et al. 2010). Also, the TMAO-N level 
found in farmed cod was only 5 % to 10 % of that found in wild cod (Herland et al. 2007) 
(Table 1). This large difference was attributed to different diets and different fish age 
(Ágústsson and Strøm 1981; Herland et al. 2007).  
 
Table 1 - Chemical quality parameters of wild and farmed cod. 
 
 Wild cod Farmed cod References 
 
Water content (%) 
  
78.2 
 
Åsli and Mørkøre (2012) 
  78.6 to 79.1 Esaiassen et al. (2008) 
 82.1 80.5 Gudjónsdóttir et al. (2010) 
 83.2 80.1 Herland et al. (2007) 
  79.6 to 79.9 Herland et al. (2011) 
  78.5 Hultmann et al. (2012) 
 79 to 88  Lambert and Dutil (1997) 
  78.9 to 79.0 Mørkøre et al. (2007) 
  78.8 to 81.3 Solberg et al. (2006) 
 81.8  Thorarinsdóttir et al. (2011a) 
 80 to 83  Waterman (2001) 
Protein content (%)  19.2 to 19.7 Herland et al. (2011) 
  17.6 to 19.4 Solberg et al. (2006) 
 16 to 19  Waterman (2001) 
Fat content (%) ≈ 0.1 to 0.4  Ingolfsdóttir et al. (1998) 
  0.9 Mørkøre et al. (2007) 
 0.1 to 0.9  Murray and Burt (1969) 
 0.0 to 0.4  Waterman (2001) 
TVB-N (mg/100 g) 12.8 13.9 Gudjónsdóttir et al. (2010) 
TMAO-N level (mg/100 g) 69.8 3.6 Herland et al. (2007) 
TMA (mg/100 g) 0 0 Gudjónsdóttir et al. (2010) 
 < 1 < 1 Herland et al. (2007) 
 
Atlantic cod reared at optimal temperature and unrestricted food supply may reach a 
weight of 2.5 to 3 kg in 2 years after hatching, while the mean weight of wild cod at the 
same age could be less than 10 % of this weight (Björnsson et al. 2001). Faster growth 
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will probably affect the texture and structure of the muscle (Johnston 1999). Furthermore, 
it has been observed that the quality of farmed cod may differ greatly from the quality of 
wild cod: soft texture and gaping are frequently seen in fillets from well-fed cod as 
compared with fillets of wild fish (Ang and Haard 1985; Love 1988; Rustad 1992; Ofstad et 
al. 1996; Kristoffersen et al. 2006). Moreover, to some extent, the heavy feeding is 
probably also causing the low ultimate muscle pH seen in farmed cod (Ang and Haard 
1985; Kristoffersen et al. 2006; Herland et al. 2007). The muscle pH of farmed cod 24 h 
post mortem is usually 0.5 to 0.9 units lower than in wild cod (Rustad 1992). It is shown 
that low pH is related to lower water-holding capacity (WHC) and increased myofibrillar 
shrinkage during heating of cod (Ofstad et al. 1996) and, consequently, reduced juiciness 
and changed texture in farmed cod compared to the wild. Therefore, it has been 
suggested that farmed cod is inferior in quality to wild-caught cod (Nyvold and Landfald 
1996) and, for this reason, factors that affect the quality of farmed cod have been explored 
to reach a tasty and overall acceptable consumer product (Stien et al. 2005). 
One clear advantage of farmed fish is the availability of raw material, but also the 
opportunity to process the fish under hygienic conditions prior to on set of rigor mortis 
(Sivertsvik 2007). Farming of cod is making pre rigor fish more available for processing 
(Lauritzsen et al. 2004b).  
 
Furthermore, some consumers perceive farmed fish to have lower sensory quality than 
wild-caught fish (Kole 2003; Verbeke et al. 2007; Kole et al. 2009), which could threaten 
the development of economically viable aquaculture. Also, Sveinsdóttir et al. (2009) 
analyzed the sensory quality of 8 cod products with differences in origin (wild/farmed). At 
the same time, 378 consumers in 4 European countries tasted and scored the cod 
products. This study confirmed that farmed cod products were considerably different from 
wild cod, presenting more light and uniform color, as well as meaty texture, odor, and 
taste. But some studies have reported no clear sensory differences between farmed and 
wild cod. The differences that may have existed in color (whiteness) and firmness were 
not conclusive (Kole et al. 2009). Moreover, in another study, farmed cod was slightly 
more appreciated by consumers and, when evaluated by a trained sensory panel, 
received higher scores for dull and white appearance, fibrousnesses, and cod taste, but 
lower scores for juiciness (Luten et al. 2002). Recently, Kole et al. (2009) concluded that it 
is unlikely that nonexpert consumers will detect significant differences in taste between 
wild and farmed cod. The same authors also demonstrated that information about product 
type, freshness, price, and the advantages of fish-farming could influence product 
evaluation. For example: cod labeled as wild, highly priced, or recently caught was judged 
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more favorably than the unlabeled product. Interaction of the information provided with 
product perception in a realistic situation demonstrated that farmed fish was associated 
with less favorable product characteristics (Kole et al. 2009). 
 
1.3.1.3 Chemical composition 
Atlantic cod is classified as a lean species, with a lipid content of the muscle representing less than 
1 % of the muscle wet weight (Tables 1 and 2) (Bogucki and Trzesinski 1950; Dambergs 1964; 
Jangaard et al. 1967; Murray and Burt 1969; Eliassen and Vahl 1982a; Holdway and Beamish 
1984; Jobling 1988; Lie et al. 1988; Kjesbu et al. 1991; Lambert and Dutil 1997), and therefore 
considered negligible (Barat et al. 2004c). The muscle is the main protein depot, while lipid 
reserves are primarily stored in the liver ranging between 2 % and 75 % of its weight (Bogucki and 
Trzesinski 1950; Jangaard et al. 1967; Love 1970; Eliassen and Vahl 1982b; Holdway and 
Beamish 1984; Black and Love 1986; Lie et al. 1988; Jobling et al. 1991; Kjesbu et al. 1991; Dos 
Santos et al. 1993; Lambert and Dutil 1997; Kristoffersen et al. 2006). 
 
Table 2 - Nutritional data of cod (Gadus morhua) (Bandarra et al. 2004; Nutrition data 2012). 
 
NUTRITIONAL DATA (/100 g) 
 
Energy value (kcal/kJ) 
 
84.7/354.5; 82/343 
Edible part (%) 79.2 
Total fat (g) 0.4; 0.7 
Saturated fat (g) 0.1 
ω3 (g) 0.20; 0.21 
ω6 (g) 0.005; 0.02 
Cholesterol (mg) 43; 52 
Protein (g) 17.8; 19 
Vitamin A (µg) 3.8; 40 IU 
Vitamin E (mg) 0.3; 0.6 (Alpha Tocopherol) 
Potassium (mg) 362; 413 
Phosphorus (mg) 116; 203 
 
Cod composition varies according to gender, age, season, water temperature, type, and 
abundance of available food (Ironside and Love 1958; Love 1958, 1960, 1962; Dambergs 
1964; Ross and Love 1979; Ingolfsdóttir et al. 1998; Waterman 2001). 
 
 
 
General Introduction 
11	  
	  
1.3.1.4 Freshness 
Freshness, although being a controversial concept (Bremner and Sakaguchi 2000), is one 
of the most important parameters of fish quality in most markets of fresh and lightly 
preserved fish, so the role of this attribute in cod processing has been widely studied. 
Moreover, as mentioned above, the growing industry of farmed cod makes pre rigor fish 
(which means highly fresh) more available for processing.  
With respect to weight yield and transport kinetics, the results obtained by Barat et al. 
(2006) showed that the main influence on cod freshness occurs during the salting 
process, as the freshest raw material gives the lowest salt uptake and the lowest overall 
yield. According to sensory quality and microbial status evaluations after desalting, the 
freshest raw material tended to give a harder fish with less flakiness, while the oldest raw 
material gave a higher flakiness (Barat et al. 2006). 
Frozen fish may also be used for salting, but only after being thoroughly thawed and 
inspected for suitability. In fact, products exposed to repeated freezing and thawing cycles 
show evidence of considerable quality loss associated with protein denaturation (Mackie 
1993; Hurling and McArthur 1996). 
 
The effects of the rigor state and freezing of cod prior to salting on the mass transfer 
during production and the quality of heavily cured cod were investigated by Lauritzsen et 
al. (2004b). They found that pre rigor salting resulted in higher water losses, larger 
reduction in weight, and lower uptake of NaCl than in fish salted post rigor or salted after 
frozen storage. The cause of this is probably the simultaneous influx of NaCl and rigor 
contractions in the fish muscle. Furthermore, these authors revealed that the fish should 
be salted in the pre rigor state, if the main objectives are simultaneously to decrease the 
waste of protein from the raw material and to increase the lightness values of the salt-
ripened product. However, if the focus is on weight yield, the fish should be salted post 
rigor after chilling or freezing pre or post rigor. Freezing and thawing of cod prior to salting 
post rigor increased the firmness of the salt-cured product compared to chilled fish salted 
post rigor. This increased firmness and the lower WHC are believed to be caused by 
protein denaturation that happens during the salting and during freezing (Lauritzsen et al. 
2004b). 
 
The absence of such rigor contractions probably explains the development in weight, 
water loss, and uptake of NaCl during salting of chilled and/or frozen fish post rigor and 
during salting of fish frozen pre rigor (Lauritzsen et al. 2004b). Such pre rigor salting 
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resulted in a lower weight yield of the product and unfavorable changes in appearance 
and texture compared to salting of post rigor fillets (Sørensen et al. 1997). 
 
Furthermore, Akse and Joensen (1996) noted that pre rigor raw materials produced a 
better quality product after desalting, compared with raw materials stored in ice for 8 and 
12 days before salting. Thus, the greater weight loss (higher water loss) during salting of 
pre rigor raw materials (Lauritzen et al. 2004b), compared to post rigor, was partly 
regained during desalting (Akse and Joensen 1996). 
A study by Larsen et al. (2008) proved that after immersing pre rigor filleted farmed cod at 
acceptable salt levels, fillet gaping, and drip losses were significantly reduced and 
removal of pin bones required less force. It is important to know that higher salt content 
generally increases rigor contraction (Larsen et al. 2008). 
 
1.3.1.5 Parasites 
Atlantic cod has an exceptionally rich and varied parasite fauna (Pseudoterranova 
decipiens, Anisakis simplex, and others) compared with most other species of marine fish. 
This diversity is apparently linked to the omnivorous diet of cod, its occurrence at low 
salinities where it is exposed to infection by euryhaline parasites that most marine fish do 
not encounter, and its status as one of the most abundant and widespread piscivorous 
species in the North Atlantic (Hemmingsen and MacKenzie 2001). 
Parasitic nematodes or seal worms are a problem in cod fisheries (Margeirsson et al. 
2007) because when they are present in the cod flesh, they contribute to an unpleasant 
appearance. This affects the overall quality of the fish, but it does not contribute to the 
freshness changes throughout storage (Bonilla et al. 2007). Moreover, parasites are one 
of the most expensive quality defects for cod processing because of the cost of cleaning 
the fillets and the decrease in yield and value (Margeirsson et al. 2007). In 1998, Ramos 
studied the presence of parasites in dried salted cod, noting that only 12 out of 88 (13.6 
%) analyzed samples were parasite-free (Ramos 1998).  
 
1.3.1.5.1 Controlling parasites 
Parasite larvae in fish are located mainly in the intestines. It has been reported that if fish 
is kept chilled with viscera after catching, rupture of viscera can happen and parasites can 
migrate to the muscle and infect it (Rodrigues 2006). Thus, immediate removal of the 
viscera (gutting) after catching is fundamental to reduce the number of parasites in cod 
flesh (Rodrigues 2006). After that, candling procedures, a brief visual inspection of 
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parasites on a light table, have been used by the fish processing industry (Levsen et al. 
2005). Nevertheless, this method is not totally effective (FDA 1999a) because sometimes 
larvae are whitish making it difficult to differentiate them from the muscle of cod or they 
are located so deep in the tissues that it is not possible to detect them (Rodrigues 2006). 
Recently, transillumination hyperspectral imaging was implemented as a method for 
automatic nematode detection in cod fillets, and was evaluated on industrially processed 
cod fillets. The detection rate (71 % and 46 % for dark and pale nematodes, respectively) 
was comparable to what is reported by manual inspection under industrial conditions. 
However, this method has the potential to reduce the manual labor required for cod fillet 
inspection, and hence, reduce the cost (Sivertsen et al. 2011). It seems that there is no 
foolproof method for physical removal of parasite larvae, so they should be killed before 
the consumption of fish. There is some evidence that parasites only threaten human 
health if they are alive in the product (Alonso et al. 1999; Sastre et al. 2000; Rodrigues 
2006). However, other studies have shown that even inactivated parasites can cause 
allergic reactions in some consumers (Fernández de Corres et al. 1996). 
The question of whether or not the parasites survive the salting has been very 
controversial (Ramos 1998). According to Wootten and Cann (2001) Anisakis larvae are 
resistant to salting, but immersion in brine with 21 % of salt for 10 days will kill all larvae. 
Also, Rodrigues (2006) showed that cod salting for 13 days or more was sufficient to 
inactivate parasites. Thus, heavy salting seems to be a solution as a basic procedure. 
Brining and pickling may also reduce the parasite hazard in fish, but they do not eliminate 
it, nor do they minimize it to an acceptable level (FDA 2011). Rodrigues (2006) proved 
that the total number of parasites in salted cod was generally lower than in fresh cod due 
to manipulation and removal by drag with salt water of the parasites that are located 
superficially. 
The process of heating raw fish has been considered sufficient to kill all parasites (Huss 
1994; FDA 2011). However, some cod is still consumed raw or semi-raw (partly cooked), 
which represents a threat to human health.  
Moreover, freezing of fish at -20 ºC or lower or at -35 ºC or lower for 7 days or 15 h, 
respectively (Huss 1994; FDA 1999a, 2011) destroys 99 % of the larvae and it has been 
stated that those that survive may be so damaged that they do not represent a danger 
(Rodrigues 2006). Also, Wootten and Cann (2001) have published that freezing fish at -20 
ºC for 60 h kills all worms. The processing of green salted cod sometimes does not imply 
a prior freezing and these fish products are considered unsafe (Rodrigues 2006). 
Therefore, a short period of freezing either of the raw material or the final product must be 
included in the processing as a means of control of parasites (Huss 1994).  
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It is important to note that no matter how carefully fish is inspected by processors, 
caterers, and retailers, some worms will occasionally be found in fish by the consumer. 
Also, it should be emphasized that the presence of parasites in fish offered for sale does 
not imply carelessness or bad practice by the processor or retailer (Wootten and Cann 
2001). 
 
1.3.2 Salt 
One of the major factors affecting the quality of salted fish is the salt composition 
(Rodrigues et al. 2005). Its composition differs according to the salt origin, namely, the 
sea, underground rock salt deposits, or vacuum-processed, and refined brine. Mine salt 
and solar salt of marine origin contain several other salts besides sodium chloride, like 
calcium sulfate, magnesium sulfate and chloride, as well as impurities (Table 3). Vacuum-
processed and refined salt are almost pure sodium chloride (NaCl) (Codex Alimentarius 
2003).  
 
Table 3 - Chemical composition of solar salts used for the production of heavily salted cod 
(Lauritzsen 2004). 
 
 
Solar salt name: 
 
Earth 
 
Torrevieja 
 
Tunis 
 
Ibiza 
 
Water (%) 
  
0.40-0.50 
 
2.50-1.80 
 
2.30-1.30 
 
2.60-3.10 
NaCl (%)  98.0-99.0 97.3-97.7 97.1-97.8 96.2-94.5 
CaSO4 (%)  0.53-0.72 0.15-0.32 0.17-0.30 0.82-1.58 
MgSO4 (%)  0.04-0.17 0.00-0.10 0.10-0.30 0.16-0.38 
MgCl2 (%)  0.00-0.02 0.00-0.12 0.10-0.30 0.16-0.48 
Na2SO4 (%)  0.04-0.49 0 0 0 
Unsoluble (%)  0.10-0.40 0.10 0.10 0.10 
Fe (ppm)  4-30 12-25 10-15 13-17 
Cu (ppm)  - <0.01 <0.01 <0.01 
 
Generally, marine salt is used and sodium (Na) is the predominant component. NaCl is 
considered essential to produce the desired texture and flavor and guarantee the safety of 
the product (Ismail and Wootton 1992). However, salt produced from marine sources may 
contain halophilic bacteria and mold, which survive in the salt and in the dry-salted fish, 
and could contribute to spoilage (Codex Alimentarius 2003). The content of calcium and 
magnesium ions in solar salts may vary from 1 to 15 g kg−1 (Lauritzsen et al. 2004a). One 
advantage of these compounds is that they prevent the yellow coloration that occurs in 
fully cured cod, improving the color, but they also improve the texture of cod (Penso 1953; 
van Klaveren and Legendre 1965; Horner 1992; Lauritzsen et al. 2004a; Rodrigues et al. 
2005). Dry-salted cod produced with salt containing magnesium chloride (MgCl2) and/or 
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calcium chloride (CaCl2) was whiter and, consequently, more attractive, more opaque, and 
more resistant than fish only salted with pure NaCl (Penso 1953). The results obtained in 
the work of Rodrigues et al. (2005) for fish immersed in brine with 50 % NaCl, 0.4 % 
MgCl2, and 49.6 % KCl (potassium chloride), at pH 6.5, were similar to those above of 
Penso (1953).  
According to Lauritzsen et al. (2004a), calcium ions are responsible for increased 
lightness and firmness, whereas magnesium ions only increased the lightness of the 
cured muscle. This may happen due to the cross-linking effect of Ca2+ ions and their 
ability to denature and precipitate proteins. The increased protein precipitation or 
interaction between the divalent cations and the muscle surface perhaps may explain the 
nature of the increased whiteness. So, to obtain a salt-cured product of white color and 
firm texture, with minimal protein loss during the process, the calcium and magnesium 
contents of the salt should be high (800 and 400 mg kg−1, respectively) (Lauritzsen et al. 
2004a; Martínez-Alvarez and Gómez-Guillén 2005, 2006). However, other authors have 
commented that calcium salts promote firmness of salted fish up to a concentration of 0.3 
%, while higher concentrations make the fish excessively hard and compact (Beatty and 
Fougère 1957; van Klaveren and Legendre 1965). Thus, very large concentrations of both 
salts may produce hardening of cell walls, reducing the rate of salt penetration to an 
extent that makes spoilage possible (Wheaton and Lawson 1985). Nevertheless, small 
amounts of calcium and magnesium can also be beneficial in that they halt enzymatic 
processes that can spoil the product (Wheaton and Lawson 1985; Martínez-Alvarez et al. 
2005a). Soudan (1955) suggested the use of salt with 0.15 % to 0.3 % CaCl2 and 0.05 % 
to 0.15 % MgCl2. Later, Codex Alimentarius (1989) recommended the use of the same 
concentrations of CaCl2 and a limit of 0.1 % for Mg, and noted that the limits established 
for the concentrations of CaCl2 and MgCl2 are not always satisfactory. The utilization of 
magnesium salt concentrations of more than 0.15 % can provide a bitter taste to the 
product (Gillette 1985). 
On the other hand, partial replacement of 50 % NaCl with 50 % KCl has been shown to 
reduce penetration of Na+ into the muscle of cod fillets, as did the addition of small 
amounts of CaCl2 (0.8 %) and/or MgCl2 (0.4 %) to pH 6.5 brines (Martínez-Alvarez et al. 
2005a; Martínez-Alvarez and Gómez-Guillén 2005). In the case of MgCl2, one possible 
explanation is the fact that the Mg2+ cation is the most electronegative of all those assayed 
it binds strongly to the protein polar groups, strengthening protein interactions (Xiong and 
Brekke 1991) and thus hindering the penetration of salt. 
According to Larsen and Elvevoll (2008), a reduction in salt levels from the industry 
standard of 2 % to 3 % to around 1.2 %, and the replacement of some of the sodium by 
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potassium, do not significantly influence the technological parameters of yield and drip 
loss and would render a product with higher acceptability. Nevertheless, Hand et al. 
(1982a,b,c) and Seman et al. (1980) proved that the presence of more than 50 % KCl can 
attenuate the flavor and produce bitterness. Moreover, metallic tastes have been 
associated with KCl-based salt substitutes (Gillette 1985). 
The study of Rodrigues et al. (2005) concluded that CaCl2 (0.8 % w/w), MgCl2 (0.4 % 
w/w), and KCl (around 50 %) can be used in the brining of cod without adversely affecting 
the microbiological and sensory quality of the salted cod. Only brines containing MgCl2 
and KCl seemed to produce a very slight increase in microbial growth (at pH 6.5) 
(Rodrigues et al. 2005). Hess (1942a) also showed that MgCl2 added to the brine (0.129 
g/100 mL) stimulated microbiological growth and unpleasant trimethylamine production. 
When Mg was replaced by Ca, the salt mixture (50 % NaCl; 0.8 % CaCl2; 49.2 % KCl), at 
pH 6.5, did not exhibit the same effect. The different pattern could be due to the 
antimicrobial effect of CaCl2 (FDA 2003), which possibly inhibits the microbial growth-
inducing effect of KCl (Rodrigues et al. 2005). 
Concluding, that differences in composition and pH of brines used prior to dry-salting of 
Atlantic cod slightly affected the composition of the muscle as regards the major 
constituents and the functional quality of the muscle protein (Martínez-Alvarez et al. 
2005a; Martínez-Alvarez and Gómez-Guillén 2005, 2006), such as the degree of protein 
denaturation (Kinsella 1982; Morrissey et al. 1987), which can also influence the protein 
quality of the desalted product. Moreover, the salt composition and pH of the brines 
mainly affect taste (cooked cod), odor (desalted cod), and color (salted and cooked cod) 
(Rodrigues et al. 2005). In addition, the effect of salt concentration is dependent, in turn, 
on the pH of the medium (Martínez-Alvarez et al. 2005a). So, the extension of the 
changes induced by salting may affect properties during further drying and desalting 
operations, in terms of mass transfer kinetics and sensory properties of the final product 
(Yashoda and Rao 1998; Andrés et al. 2005b). 
 
Salt granulometry is also an important issue. The use of very fine salt granules could 
result in the formation of clusters, which is not favorable for ensuring the uniform 
distribution of salt on the fish. The use of very coarse salt granules could result in damage 
to the fish flesh during salting and may reduce the rate of maturation (Codex Alimentarius 
2003). Therefore, and to obtain a more efficient salting, a mixture of salts with different 
granulometry is often used. The smaller crystals dissolve more easily and the coarse 
crystals allow a better flow of liquids. Thus, besides dissolving and penetrating inside the 
tissues of fish, salt will absorb water from the same tissues, allowing an effective 
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conservation, meaning that salt will induce both salting and drying of the fish at the same 
time. A mixture of 1/3 of fine salt granules and 2/3 of coarse salt granules has been 
considered adequate (Rodrigues 2006). 
 
1.3.3 Other ingredients 
Another alternative to traditional cod processing of particular interest where the process 
duration can be reduced and water loss and salt entrance better controlled is dewatering 
and salting (simultaneous) of cod fillets by soaking them in mixed concentrated solutions 
(sucrose/salt) at low temperature (Collignan and Raoult-Wack 1994). The presence of 
sugar can enhance water loss and hinder salt uptake. Moreover, the use of high-
molecular-weight sugar prevents sugar entrance and allows good dehydration (Collignan 
and Raoult-Wack 1994). 
Nowadays, some producers are interested in producing salted cod with addition of 
polyphosphates. The main interest referred by producers is to maintain the quality and 
appearance (lighter color) of the product through salting and desalting, mostly due to 
retardation of lipid oxidation (Nguyen et al. 2012a). Thorarinsdóttir et al. (2001), studying 
the use of polyphosphates during the processing of salted cod, submerged cod fillets in 
brine with 2 % or 2.5 % sodium polyphosphate. It was shown that the addition of 
polyphosphates resulted in poorer quality when considering the entire process (salting 
and desalting). However, differences were not observed by sensory evaluation after 
soaking and steam boiling, and improvements in yield were seen in the fillets containing 
polyphosphate, after dry-salting and storage. Nevertheless, the increase in weight during 
rehydration was far less in fillets containing polyphosphate than in the control group 
(where no polyphosphate was used) (Thorarinsdóttir et al. 2001). 
 
1.4 Processing 
Salting is one of the oldest methods of preserving fish, especially cod (Martínez-Alvarez et 
al. 2005a), by lowering the water activity. Water activity (aw) is lowered in the cod muscle 
to inhibit bacterial growth and enzymatic spoilage. The aw value of heavily salted cod 
generally lies in the range of 0.7 to 0.75 (Lupín et al. 1981; Gomez and Fernandez-
Salguero 1993). 
Additionally, drying of salted cod can be carried out to obtain semi-dried or extra-dried 
products. 
Heavily salt-matured products have a water content of approximately 55 % (w/w) and a 
salt content of about 20 % (w/w) (Borgström 1968; Zaitsev et al. 1969; Bjørkevoll et al. 
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2003). According to van Klaveren and Legendre (1965), Bogason (1987) and Akse et al. 
(1993), the final salted fish product contains 55 % to 58 % water and 18 % to 21 % salt, 
compared with approximately 80 % water and 0.3 % salt in the raw material. The water 
content, however, can be further reduced by drying, and when it becomes less than 50 % 
(w/w), the dried salt-cured cod (klipfish) is obtained (Bjørkevoll et al. 2003; Lauritzsen et 
al. 2004a). Water and salt contents in wet salted, dried salted, and desalted cod (Gadus 
morhua) are shown in Table 4. 
 
Table 4 - Water and salt contents (%) in wet salted, dried salted, and desalted cod (Gadus 
morhua).  
 
 Wet salted Dried salted Desalted 
 
Water 
content/moisture (%) 
 
51 to 58a 
52 to 58b 
56.8c 
52.8 to 57.9e 
57.6 to 58.7f 
56 to 60.9g 
56.7 to 57.3h 
55.4 to 57.3i 
53.3j 
59.2k 
55.8 to 59.5m 
56.2 to 59.5n 
 
≤ 46 (unpacked)a  
≤ 47 (prepacked)a 
≤ 47b 
47.4c 
47.2 to 48g 
43j 
48.1k 
 
 
79.2 to 81.6c 
76.2d 
83.6 to 84.2f 
80.1 to 82.7g 
73j 
75.4k 
82.2 to 85.4m 
82.5 to 84.9n 
84o  
Salt content (% NaCl) 16 to 20a 
≥ 16b 
18.5c 
18.4 to 20.0e 
20.2 to 20.6f 
20 to 21.8g 
23 to 25h 
19.2 to 20.2i 
18.5j 
20.6 to 21.4m 
19.5 to 21.4n 
16 to 20a 
≥ 16b 
20.6c 
23.3 to 26.1g 
20j 
 
0.8 to 0.9c 
1 to 1.2f 
2.4 to 3.9g 
2.2j 
2 to 3L 
1.3 to 1.7m, n 
2.3 to 2.9o 
 
aIPCP-2 1991; bPortuguese legislation (2005); cRodrigues et al. 2003; dBandarra et al. 2004; eLauritzsen et al. 2004b; 
fThorarinsdóttir et al. 2004; gAndrés et al. 2005b; hMartínez-Alvarez et al. 2005b; iRodrigues et al. 2005; jBarat et al. 2006; 
kHeredia et al. 2007; LLorentzen et al. 2010a, 2011; mThorarinsdóttir et al. 2010; nJónsdóttir et al. 2011; oThorarinsdóttir et al. 
2011b.  
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The curing time, and whether or not further processing such as drying is applied, depends 
on the market requirements. Traditional processing comprises a salting step, resulting in a 
wet product, which is usually followed by drying (Martínez-Alvarez et al. 2005a; Martínez-
Alvarez and Gómez-Guillén 2005). The traditional curing method for cod and the time vary 
according to region and producer, but are characterized by the development of a yellowish 
color, stockfish-like flavor, and tough consistency of the fish flesh (Vilhelmsson et al. 
1997). In some regions the process of heavy salting still relies on the main traditional 
stages reported some decades earlier (Beatty and Fougère 1957; van Klaveren and 
Legendre 1965). These stages include heading, gutting, filleting/splitting, salting, curing, 
and packaging of the fish (Rodrigues et al. 2005).   
 
Preparing for salting 
Generally, cod is subjected to bleeding and gutting after catching, and then is chilled or 
frozen onboard and stored. At the processing unit, the fish is beheaded, trimmed, filleted, 
or split. This later step consists of cutting cod along the ventral median line and opening to 
remove the vertebral column for about 3/4 of its length (Di Luccia et al. 2005). Immediately 
after splitting, fish is washed in running clean water or clean seawater, to remove blood 
and, according to the intended presentation, the “black membrane” (peritoneum) might be 
removed from the belly walls before salting (Codex Alimentarius 2003). 
 
1.4.1 Salting 
Salting is a process in which mass transfer, basically salt and water, between cod and its 
surroundings (Barat et al. 2004a) occurs by diffusion: the fish muscle takes up salt and 
loses water (Thorarinsdóttir et al. 2001; Andrés et al. 2002; Martínez-Alvarez and Gómez-
Guillén 2006) (fig. 4). The rate of salt penetration into the cod muscle may increase up to 
100-fold by splitting, filleting, and skinning the fish. 
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Figure 4 – Cod salting conducted in a Portuguese factory. 
 
Salting of cod may be carried out by dry-salting, wet-salting, brining, brine injection, or a 
combination of these techniques. The water content of the cod muscle is usually reduced 
from approximately 82 % to about 54 % during the traditional salt-curing process. 
In dry-salting (or kenching), cod is placed with the skin side down in stacks with dry salt 
crystals interspersed between the layers until fully cured (pile-salting) (Barat et al. 2003). 
Commonly and first fine-grained salt is used and after 1 week, another salting process is 
carried out, this second time using coarse-grained salt (Di Luccia et al. 2005). The 
resultant brine, formed by salt in the water leached out from the fish tissue, is allowed to 
drain away continuously (Beatty and Fougère 1957; Borgström 1968; Zaitsev et al. 1969; 
Horner 1992; Thorarinsdóttir et al. 2004; Rodrigues et al. 2005). During this stage, usually 
2 to 8 weeks, depending on the degree of desired curing in the resulting products 
(Burgess et al. 1987) and on the thickness of the fish, cod acquires its characteristic 
appearance, flavor, and consistency (Rodrigues et al. 2005). Moreover, the use of 
overpressure on the fillets during dry-salting can improve salting kinetics (Filsinger 1987), 
and this is what occurs in stack-salting because of the pressure exerted by the weight of 
the piled fillets and the salt crystals (Andrés et al. 2005b). 
Wet-salting (or pickling) is the process whereby cod is mixed with salt, layered alternately 
and stored in watertight containers under the resulting brine, designated as “pickle” 
(Codex Alimentarius 2003), which is formed within 1 day (Lauritzsen et al. 2004a). New 
brine may be added to the container. The fish can be removed from the container and 
stacked so that pickle drains away.  
Brine-salting (or brining) is carried out by immersing fish into a brine solution prepared 
with coarse salt and water. The diffusion of salt into the muscle depends on several 
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factors, such as concentration and composition of the brine, the shape and thickness of 
the product, ratio of brine to product, and duration of brining.  
In traditional processing, cod (split or filleted) is most often pickle-salted or brine-cured for 
a week (5 to 7 days), and then salt-matured by kenching in stacks (dry-salting) for at least 
10 days, producing salt-cured cod (Bjørkevoll et al. 2003, 2004; Lauritzsen et al. 2004a). 
Brine-salting has gained popularity in the Icelandic fish industry. This method is as follows: 
the fish is immersed for 1 to 4 days in a solution of water and salt (brine), with salt 
concentration normally of 17 ± 1 % NaCl. Then, the fish is removed from the brine and the 
butterfly fillets are placed with alternate thin layers of salt into stacks approximately 1-m-
high or in plastic tubs where the stacks are only 30 to 40 cm high. The fish is kept stacked 
for 10 to 12 days for dry-salting. Individual fish may be rotated during storage to even out 
the pressure exerted on each fish. The major difference between the 1-m-high kench and 
the 30 to 40 cm stacks is the pressure applied to the fish in the bottom layers. Dry-salting 
is followed by packaging and storage (Thorarinsdóttir et al. 2004).  
Soaking the fish in brine first, giving sufficient time for the muscle to absorb a significant 
amount of salt, is considered to be an advantage (Gallart-Jornet et al. 2003). This 
decreases the time and increases the weight yield of the salting process (Bogason 1987; 
Thorarinsdóttir et al. 2004).   
The industrial cod-salting process is carried out in rather high piles, which means that the 
process is similar to that followed in pressed salted cod. This implies that higher process 
yields would be obtained if pile height is reduced in the manufacturing process (Barat et 
al. 2003).  
For example, the osmotic mechanism and diffusion transport of salt can be enhanced 
during vacuum-pulsed-brine-salting, which leads to a lower water loss and higher yield. 
Unlike dry-salting, the coupling of osmotic pressure and suctioning and the dry salt 
crystals (more so in the case of pressured dry-salting) favors water losses and limits salt 
gain (Andrés et al. 2002). Therefore, the salting method has an influence on the structural 
and mechanical properties of the fish muscle (Andrés et al. 2002; Barat et al. 2002, 2003; 
Thorarinsdóttir et al. 2004). Moreover, quality graders of commercial salted fish have 
indicated that the appearance of the fish may be related to the salting method, with 
adverse effects on color and appearance if the initial salt concentration has been too high 
(Thorarinsdóttir et al. 2004). 
The effect of the salt concentration in the brine has been a matter of controversy, with 
some indication that higher weight yield and quality may be obtained by using lower salt 
concentrations than by using a fully saturated brine solution (Hamm 1961; Offer and 
Trinick 1983; Bligh and Duclos-Rendell 1986; Wilding et al. 1986; Barat et al. 2002; 
General Introduction 
22	  
	  
Thorarinsdóttir et al. 2004; Gallart-Jornet et al. 2007; Nguyen et al. 2010). The process 
temperature should not exceed 25 ºC (Torry Research Station 1962). 
Brine concentration showed a very important effect on cod weight changes throughout the 
salting operation (Barat et al. 2002) because the concentration of salt in the brine affects 
the rate of salt diffusion into the muscle and the quantity of water and proteins extracted 
(Thorarinsdóttir et al. 2004). When salt concentrations in the brine exceed about 13 % to 
15 % (Fougère 1952; Deng 1977), especially in the early stages (Hamm 1961), the fish 
not only takes up salt, but also loses water. Nguyen et al. (2010) also reported that salt 
concentration in the brine of 15 % (w/w) seems to be a critical concentration separating 
hydration from dehydration regimes for brining of cod loins. The rates of the salt and water 
diffusion were shown to be positively correlated with increasing salt concentration of the 
brine by Poernomo et al. (1992), Lawrie (1998), and Nguyen et al. (2010).  
First, the presence of high concentrations of salt in muscle gradually increases the WHC, 
obtaining a maximum at an ionic strength of 1 M (about 5.8 % salt) (Offer and Knight 
1988), but at higher ionic strengths, WHC decreases, apparently by a salting-out effect 
due to water-binding by the salt and concurrent dehydration of the protein (Martínez-
Alvarez et al. 2005a; Heredia et al. 2007). Thorarinsdóttir et al. (2002) showed that the 
salting process significantly decreased the heat stability of both myosin and actin, with the 
detection of changes in the transition peaks by differential scanning calorimetry. Changes 
in myofibrillar proteins during cod salting were detected by electrophoresis, showing that 
the myosin heavy chain (MHC) was cleaved into smaller subfragments in the salting 
process, with the 2 heavy meromyosin fractions and the light meromyosin fraction being 
the most abundant. Moreover, the conformational stability of myosin and actin was lower 
than in the fresh material (Thorarinsdóttir et al. 2002). Another explanation to the 
observed decreases of MHC on heavy salting can be the gross aggregation of myosin at 
the high salt concentrations (Thorarinsdóttir et al. 2011a).  
Thus, salting induces changes in the muscle proteins (including some precipitation) 
resulting in changes in weight, WHC (Bligh and Duclos-Rendell 1986; Thorarinsdóttir et al. 
2002, 2004; Sannaveerappa et al. 2004; Martínez-Alvarez and Gómez-Guillén 2006) and 
texture, such as a hardness increase (Dunajski 1979; Yashoda and Rao 1998; Barat et al. 
2002; Gallart-Jornet et al. 2007). Therefore, it is now well-known that high salt 
concentration, close to saturation (25 %, w/w) in brining and dry-salting, denatures the 
proteins and reduces their WHC (Duerr and Dyer 1952; Cheftel et al. 1989; 
Sannaveerappa et al. 2004; Gallart-Jornet et al. 2007), while for more diluted brines, 
protein denaturation is lower and an increase in the WHC due to salt uptake is observed, 
as reported by Hamm (1961), Barat et al. (2002), and Thorarinsdóttir et al. (2002). During 
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heavy salting of cod, the activity of cathepsin B/L remains unchanged, whereas the 
activity of acidic proteases declines as the salt concentration in the muscle increases 
(Stoknes et al. 2005). 
A reasonable alternative to saturated brine-salting may be the use of increasing 
concentrations of brine in order to obtain higher processing yields (Barat et al. 2002). 
However, increased control of the brine concentration did not show significant effects on 
weight yield, WHC, or composition of salted, rehydrated cod fillets (Thorarinsdóttir et al. 
2004). 
Brine-salting of cod may offer better control over the rate of changes in water and salt 
contents in the muscle than the other salting methods, and thus increase the weight yield 
(Bogason 1987; Barat et al. 2003) and the overall quality of the salted fish (Thorarinsdóttir 
et al. 2004). The literature shows that some other advantages of brining may exist, with 
protection against oxidative rancidity by preventing contact with air (Wheaton and Lawson 
1985) and faster salting due to a higher rate of salt penetration into the fish muscle (Akse 
et al. 1993).  
In spite of the large influx of salt into the cod muscle during the curing process, weight is 
lost mainly due to extensive dehydration (Akse et al. 1993) and protein leaching from the 
muscle (Barat et al. 2003; Lauritzsen et al. 2004a). Beyond soluble muscle proteins, 
vitamins and free amino acids may also be lost during the process (Larsen et al. 2007; 
Larsen and Elvevoll 2008), and it has been recommended that this loss be reduced as 
much as possible (FAO 1981). According to Lauritzsen et al. (2004a), most of the weight 
loss occurs in the kench-curing steps (fig. 5). However, in industrial production, the fillets 
in the lower parts of the kench-curing stacks will be exposed to a heavier weight from the 
upper layers, and the protein and liquid losses from the fillets may therefore be increased 
even further. It has been observed that lost protein ends up in the brine or in the dry salt 
used and represents both a waste of valuable fish protein and a possible environmental 
problem (Lauritzsen et al. 2004a). 
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Figure 5 – Kench-curing of cod performed in a Portuguese company. 
 
Over the last 2 decades, processes used for salt-cured cod production have significantly 
changed. The changes in salting procedures and curing conditions have altered the 
characteristics of the products, increased weight yields, and improved some quality 
parameters (Lindkvist et al. 2008). Shorter curing times, lower temperatures during curing, 
and better storage conditions can result in milder curing flavors and whiter appearance 
(Barat et al. 2003; Lindkvist et al. 2008). 
Also in the case of salting, vacuum-tumbling or injection-salting will reduce the time of 
brining needed to obtain the desired salt content and increased yield, and have therefore 
a higher potential to retain water-soluble components (proteins, vitamins and free amino 
acids) within the muscles. Thus, a different technique with a shorter brining period is more 
suited for retaining such components (Larsen and Elvevoll 2008). 
The vacuum osmotic dehydration (VOD) method has been tested for cod salting and has 
given a faster uptake of NaCl and lower water loss from the muscle than ordinary dry-
salting methods. The weight yield of salted cod was higher by the VOD method, but the 
muscle surface of the fish had a more yellow color than by ordinary dry-salting methods 
(Joensen et al. (1997), as pointed out by Lauritzsen (2004)). 
Injection-salting consists of automatic needle injections of saturated brine solution into the 
muscle. Salt is forced mechanically and at high pressure into the muscle tissue prior to 
passive salt diffusion, therefore increasing salting speed. Several points of brine entrance 
ensure uniform salt concentration throughout the muscle. Usually, the injection needles 
are pierced into the flesh from the open fillet surface down to the inner side of the skin. 
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When the needles reach the skin, the brine flows continuously out of the needles into the 
flesh as they are retracted through the fillet back to the initial position. The injection 
pressure and the number of injections into the fish can be adjusted for the automatic 
injection machine. Usually, the salt concentration increases from 0.15 % in fresh cod 
muscle to 2 % to 5 % in ready-salt-injected fish muscle. After this step, the cod may be 
brined, pickle-salted, and/or kench-cured (Lauritzsen 2004). 
 
Other recent studies that analyzed the different salting techniques (combined or not), as 
well as its influence on chemical, physical and sensory parameters of cod, are shown in 
Table 5.  
 
Table 5 - Some recent studies that analyzed the different salting techniques (combined or not), as 
well as its main results/conclusion (S = salt, P = polyphosphates; d = days). 
 
 
Salting techniques 
studied 
 
Parameters 
analyzed 
Main Results/Conclusions References 
 
Injection (S or S+P) + 
brining (2 d); 
Only brining (2 d); 
Pickling (3 d); 
(all followed by dry-salting 
(23 to 26 d)); 
Dry-salting (26 d) (reference 
group). 
 
 
 
Weight yield, 
chemical 
composition, 
and protein 
aggregation of 
salted cod 
fillets. 
 
 
Injection and brining - Increased weight yields 
(during both salting and rehydration) compared to 
brining only and pickling. 
Dissimilarities in yield depend on the degree of 
protein denaturation and aggregation: 
Injection and brining (stronger salting-in effects on 
proteins) < brining < pickling. 
Differences in denaturation/aggregation were 
assigned to both myosin and collagen. 
The yield of nitrogenous compounds tended to be 
lower for injected and brine-salted fillets (higher 
losses of non protein nitrogen). 
 
Thorarinsdóttir et 
al. (2010, 2011a) 
 
 
 
 
 
 
 
Injection + brining (2 d) 
(S+P) compared with brining 
(2 d) (S+P) only; 
Followed by dry-salting. 
 
Microstructure 
and water 
retention of 
heavy-salted 
cod products. 
 
Salting resulted in shrinkage of fiber diameter and 
enlargement of intercellular space probably due to 
myofibrillar protein aggregation and enzymatic 
degradation of the connective tissue. 
The intercellular space tended to be larger in the 
injected and brined muscle than in the brined only. 
The main water changes occurred during dry-salting 
(salt content of the muscle increased from 7 % 
(brined) and 9 % (injected and brined) to 27 %). 
 
Thorarinsdóttir et 
al. (2011b) 
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Salting techniques 
studied 
 
Parameters 
analyzed 
Main Results/Conclusions References 
 
Injection (S+P) + brining (2 
d); 
Only brining (2 d); 
(both followed by dry-salting 
(25 to 26 d)); 
Kench-salting (25 to 26 d). 
 
Flavor and 
quality 
characteristics 
of salted and 
desalted cod. 
 
The used of presalting improved the appearance of 
the salted products (increased lightness and 
reduced yellowness). In the same products, the 
intensity of curing flavors was milder. 
Derivatives from lipid and protein degradation 
contribute to the characteristic flavor of the salted 
products. 
 
Jónsdóttir et al. 
(2011) 
 
Brining (4 % (w/w)) (2 d); 
Brining (4 % (w/w)) (8 min); 
 Injection (2 % (w/w) S + 2 
% (w/w) P); 
Injection (4 % (w/w) S + 2 % 
(w/w) P). 
 
Drip loss in cod 
loins. 
 
Brine injected loins showed a significantly higher 
drip loss than those brined by immersion. 
During brine injection, there is an increased risk of 
puncturing cells with the needles. Also, a possible 
destruction of the muscle due to too high injection 
pressure can lead to reduced water-holding 
properties and thus increased drip. 
 
Gudjónsdóttir et 
al. (2011a) 
 
Injection (S or S+P) + 
brining (2 d); 
Only brining (2d); 
Pickling (3d); 
(all followed by dry-salting 
(22 to 23 d)); 
Kench-salting (26 d) 
(reference group) 
 
 
Water 
distribution and 
protein 
denaturation of 
dry-salted and 
rehydrated cod. 
 
Injection of S+P did not have a significant effect on 
the water distribution compared to injection of only 
S. 
Protein denaturation was lower in brine injected 
fillets (during salting and desalting) and higher in the 
pickled- and kench-salted fillets. 
Brine injection followed by brining, with low salt 
concentrations, was the recommended presalting 
method in the production of dry-salted cod. 
 
Gudjónsdóttir et 
al. (2011b) 
 
1.4.2 Drying 
In 2005, Denmark and Norway were the major producers and exporters of dried preserved 
cod (Di Luccia et al. 2005). The fish were headed, gutted, and left to dry for about 3 
months during winter or spring, and then the product was stored under cool, dry 
conditions (Di Luccia et al. 2005). However, the preparation of dried salted cod is a 
different process, and usually the salted cod is dried in factories located in the importer 
countries (Rodrigues et al. 2003, 2005).  
The dried products are suitable for transport and storage because they are light and do 
not take too much space (Di Luccia et al. 2005). The dried salted cod is sold mainly at 
retail as unpacked split fish, without storage and/or desalting recommendations (fig. 6), 
and is generally consumed cooked after soaking, and in some cases raw, after being 
desalted or not (Rodrigues et al. 2003; Pedro et al. 2004).  
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Figure 6 – Dried salted cod (Mercator Media 2010). 
 
Dried salted cod processing includes the following steps: salting, washing, ‘‘water-
horsing’’ (predrying where the green salted cod is kept for several days in piles outside the 
drying chambers), drying, grading, and packaging (Rodrigues et al. 2003).  
The salted cod storage period is increased by dehydrating the fish in a hot-air tunnel or 
using atmospheric agents (Di Luccia et al. 2005). This is a time-consuming process, 
highly hand labor-intensive manipulative, and with great potential for environmental 
transfer of microorganisms to the product (Rodrigues et al. 2003). 
Drying of cod is done with temperatures around 20 ºC and relative humidity below 70 % 
(Barat et al. 2006; Brás and Costa 2010). The water present on the salted cod surface 
evaporates and is transported by convection into the dried air. The decrease of the water 
content at the surface establishes a concentration difference with the inner zone, which 
constitutes the driving force for water migration from the inner zones to the outer surface. 
Jason and Peters (1973) state that drying of cod, including that of salted cod, occurs in 3 
stages: the first of constant water loss rate and the second and third of decreasing water 
loss rate. The first stage is controlled by convection of dry air and by heat transfer and the 
second and third stages are controlled by Fickian diffusion of water inside the fish. The 
second stage of water loss involves a diffusion coefficient of water greater than in the third 
stage (Jason (1958), as pointed out by Del Valle and Nickerson (1968)). Both diffusion 
coefficients can be considered isotropic and depend on the fat content of the fish. Jason 
(1958) also stated that both diffusion coefficients follow an Arrhenius relationship with 
temperature. 
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The diffusion of water is also related to other factors. Del Valle and Nickerson (1968) 
proposed a diffusivity dependence on the concentration of water, in the fish, which is 
lowered proportionally with a decrease of the water content. This is explained by the 
decrease in water content itself. With the decrease of water content, the water left in the 
fish is more strongly bounded to proteins and salt ions, which limits the mobility resulting 
in a decrease in the rate of water loss. However, the consequent reduction in volume of 
fish due to water loss shortens the way for water diffusion which contributes to a smaller 
decrease in the rate of water loss (Del Valle and Nickerson 1968). Jason and Peters 
(1973) presented a more elaborate explanation, proposing that the second stage would be 
controlled by diffusion of water molecules and the third would be controlled by diffusion of 
water molecules aggregated to sodium ions. 
 
In the drying of salted cod, there is formation of an impermeable layer of salt and protein 
at the surface of the fish (Barat et al. 2004b). Linton and Wood (1945) suggested that this 
effect is caused by the high driving forces used for drying. Del Valle and Nickerson (1968) 
found that the formation of such layer is the result of syneresis of the salt solution in the 
salted fish. They suggested that shrinkage of the muscle was the cause of syneresis and 
that, in turn, the shrinkage is due to water loss and denaturation of proteins because of 
high salt concentrations. Others attributed the phenomenon to capillary action (Barat et al. 
2004b). Jason (1958) also observed it and suggested alternating placement of cod during 
drying in a pile to break this layer (Del Valle and Nickerson 1968). 
 
In addition to water loss, as a result of drying salted cod, there is also a slight loss of salt. 
Barat et al. (2006) found losses of 2 % to 4 % salt from the surface resulting from the 
separation of crystals of sodium chloride due to the handling of the cod. 
 
Quality changes during drying have been identified as color, texture, chemical, and 
microbiological changes. Drying causes a yellowing of the salted cod. Lauritzsen et al. 
(2004a) reported that reduction of water content is sufficient to cause changes in the color 
of fish. Stien et al. (2005) indicated that loss of water reduces light scattering and can 
cause loss of transparency, thus increasing the luminosity L* (in the colorimetric system 
L*a*b*). Brás and Costa (2010) measured an increase in lightness (L*) and yellowness 
(b*) with drying cod, noting a trend inversely proportional to water content. The color of the 
salted fish and probably of the dried salted fish is also influenced by other factors such as 
the presence of ions of calcium or magnesium in the salt, contributing to a whiter tone 
(Horner 1992; Lauritzsen et al. 2004a; Martínez-Alvarez and Gómez-Guillén 2005). This 
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effect may be a consequence of increased water retention, which is a common result with 
the use of these ions in the preparation of gels in various other food products. Other 
causes have been suggested for color change in salted fish and can be the reasons of 
this change during drying: protein denaturation due to low pH (Lauritzsen et al. 2004a; 
Stien et al. 2005), oxidation of phospholipids (Anon 1967; Stien et al. 2005), and reactions 
resulting from the presence of ions of iron or copper (Anon 1967). 
 
Cod hardens with drying due to protein denaturation and reduction of proteins hydration 
(Brás and Costa 2010). However, the hardness evidenced after drying depends on the 
method of salting used. Brás and Costa (2010) measured a lower firmness when cod was 
salted in brines where a lower salt content was used, obtaining an inversely proportional 
relationship between firmness and water content beneath the surface of the dried fish. 
The firmness of the dried fish can also be due to a lower pH of the muscle (Love 1988; 
Lauritzsen et al. 2004a) or the presence of ions of calcium or magnesium in the salt 
(Horner 1992; Lauritzsen et al. 2004a). 
In addition to the aforementioned chemical composition changes, other changes occur, 
such as denaturation of proteins and/or proteolysis. The changes in proteins were 
analyzed by Thorarinsdóttir et al. (2002) who reported that proteins denature by a 
complicated process, due to the extreme changes in water and salt contents of the 
muscle. Lipid oxidation is a type of reaction expected during drying, but the low lipid 
content of raw cod (less than 1 %) suggests little importance of this reaction in the 
production of dried salted cod. However, despite the lipid content in the muscle of cod 
being low and limited to mainly phospholipids, a recent study found flavors most likely 
derived from lipid molecules (unpublished results). Moreover, yield of dried salted cod 
depends on the composition of the raw cod. Brás and Costa (2010) studied the salting 
and drying of cod species and observed that a higher concentration of water (low protein 
concentration) in raw cod led to lower yields of dried salted cod. 
 
The low water content and high salt content of dried salt cod result in water activities of 
less than 0.75, a value not favorable for the growth of halophilic bacteria. Beyond the 
development of these bacteria, other bacteria are halotolerant, particularly Gram-positive 
cocci which can survive in salted and dried products, and when facing optimum 
conditions, like in soaking, may grow and deteriorate the product (Rodrigues et al. 2003). 
 
During drying, the water activity sees a slight diminution from 0.73 to 0.75 (unpublished 
values) to 0.70 (Rodrigues et al. 2003) when compared to the water content value which 
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then decreases from close to 60 % (m/m; total basis) to less that 50 % (m/m; total basis). 
The relationship of water activity to water content of salted cod during drying and storage 
is given by isohalic isotherms (Doe et al. 1982).  
 
The thickness of the split fish is a limiting parameter in the mass transfer rate when the 
transfer depends on the internal mechanisms like during drying of salted cod. Del Valle 
and Nickerson (1968) reported that a greater mass of fish takes longer to dry because it 
has a greater thickness. Brás and Costa (2010) measured a linear increase in drying time 
with the weight of the fish, up to 20 h per extra kg of fish above fishes of 0.5 kg. 
 
The end point of drying in the Portuguese industry is usually determined by the time at 
which the dried salted cod stays in a horizontal position when held with one hand on the 
loin (Brás and Costa 2010).  
 
The optimal conditions of drying of salted cod were proposed by Linton and Wood (1945) 
with the air velocity being 1 to 1.25 m/s, the relative humidity 45 % to 55 %, and the 
temperature at 26 ºC (Jason 1965). Del Valle and Nickerson (1968) cite other authors with 
similar values. Linton and Wood (1945) proposed, for lightly salted cod, an air velocity of 
1.5 to 2.0 m/s, 50 % to 55 % relative humidity, and a temperature of 30 ºC. Industrial 
practice currently is variable, and in Portugal, the used temperatures is below 25 ºC, with 
air velocity and humidity constant throughout the drying process, but studies in Norway 
revealed varying conditions during the drying process, with higher temperature (20 to 26 
ºC) and air velocity (1.9 to 2.4 m/s) and lower relative humidity (50 % to 35 %) (Barat et al. 
2006). 
 
1.4.3 Storage 
Accurate control of temperature and humidity is essential with regard to the growth of 
halophilic bacteria and the stability of quality parameters, as some microorganisms and 
enzymes are still active despite the high salt content and chilled storage conditions 
(Rodrigues et al. 2003; Pedro et al. 2004). Moreover, the packaging method may be 
useful for logistic solutions where cold storage is not possible because it has been 
reported that storage in modified atmosphere packaging inhibited halophilic bacteria (Aas 
et al. 2010). Thus, a growth inhibiting effect in the oxygen-reduced packing atmosphere 
would be expected as red halophilic bacteria are strictly aerobic (Elazari-Volcani (1957), 
as pointed out by Aas et al. (2010)). 
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Furthermore, it is not advisable to store heavily salted cod at -4 ºC or lower (Nguyen et al. 
2011a). These authors showed that the storage of heavily salted cod at superchilling (-4 
ºC) and lower storage temperatures (freezing temperatures) had a detrimental influence 
on the color of the product which is the main quality criterion for salted cod.  
 
To minimize weight changes during storage, it is also important to maintain equilibrium 
between the water activity (aw) in the salted fish and the relative humidity (RH) in the air 
where the fish is stored. When the RH is higher than aw in fully salted muscle (0.75), the 
salted fillets absorb water and gain weight, whereas the opposite has been observed 
when RH is lower than the aw of the salted cod (Doe et al. 1982). 
 
Although dried salted cod is quite stable, different problems (such as less interesting 
sensory characteristics among others) can arise due to deficient or improper preparation 
(fig. 7), packing, drying, or salting. The major preparation defects considered in dried 
salted cod are slits, clots, patches of liver and blood, and treacle. The presence of foreign 
bodies and the presence of parasites or parasitic infections detectable by the naked eye 
are also considered preparation defects and presentation defects (Portuguese legislation 
2005). The conservation defects considered in dried salted cod may be presence of 
reddening (pink) (Huss and Valdimarsson 1990; Abel and Consiglieri 1998), dun or brown 
spots (Huss and Valdimarsson 1990), unpleasant smell, patches of abnormal color, and 
sour cod (cod looks cooked on the ventral surface) (IPCP-2 1991; Portuguese legislation 
2005). 
 
  
 
Figure 7 - Preparation defects observed after cod splitting: (A) deep slit; (B) 
patches of blood in muscle. 
. 
(A) (B) 
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The high salt and low moisture contents characteristic of salted and dried salted products 
have given rise to the fact that the extreme halophiles are traditionally the bacteria mostly 
widely studied (Hess 1942b,c; Hess and Gibbons 1942; Freixo and Botelho 1947; 
Venkataraman and Screenivasam 1954; Tropa and Galamba 1955; Vilhelmsson et al. 
1996). Thus, reddening (pink) caused by extremely halophilic Archaea (Bjarnason 1986) 
at too high storage temperatures and brown spots (dun) caused by extremely xerophilic 
molds (Beatty and Fougère 1957) have been considered the only microbes growing in 
salt-cured and dried salt-cured cod (Bjørkevoll et al. 2003). Since 1950s, a few studies 
have been carried out on the survival of moderately halophilic and halotolerant bacteria of 
green salted and dried salted cod and their soaked cod products (Dussault 1962; Ishida et 
al. 1976; Fujii et al. 1977; Vilhelmsson et al. 1996, 1997; Rodrigues et al. 2003; Aas et al. 
2010). Several Gram-positive bacteria and moderate halophilic Gram-negative rods, in 
relatively high numbers, have also been isolated from cod in the early stages of salt-curing 
and from salt-cured and dried salt-cured cod (Vilhelmsson et al. 1996, 1997). Vilhelmsson 
et al. (1996) characterized a great number of different (128) moderately halophilic bacteria 
although they did not identify them. However, Staphylococcus arlettae/xylosus has been 
identified as the phenotype found in higher numbers in dried salted cod by Vilhelmsson et 
al. (1997). Moreover, Doe and Heruwati (1988) detected Staphylococcus xylosus in 
spoiled dried salted cod. 
Additionally, the increased tolerance to salt and moisture limits, combined with other 
production abuses, may contribute to an extension of the survival period of halotolerant 
and moderately halophilic bacteria present in fully cured cod products (Huss and 
Valdimarsson 1990); some strains may even show growth. Furthermore, some of the 
industrial abuses may lead to a condition named sliming, characterized by the appearance 
of a semi-greasy, sticky, glistening layer of yellow-gray or beige color and a sour pungent 
smell not caused by extreme halophiles (van Klaveren and Legendre 1965). Freixo (1947) 
studied green salted cod with a low salt content and found many yellow-orange cocci 
classified as S. pyogenes aureus. The increasing bacterial survival in salted green and 
dried salted cod product could lead to a greater diversity of microorganisms in the 
desalted product. This happens because, after rehydration, the conditions for bacterial 
growth become very favorable, due to high water content (approximately 70 % w/w) and 
low salt concentration (2 % to 4 % w/w NaCl) in the product (Bjørkevoll et al. 2003). As a 
consequence and during desalting, pathogenic bacteria could grow and threaten the 
public’s health, mainly because these foods can be eaten after a fast cooking or without 
cooking (Rodrigues et al. 2003). So, some new desalted cod products found in the market 
present microbiological quality problems that are probably related to the desalting method 
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(Pedro et al. 2004). For this reason, some work has been carried out on the microbiota of 
desalted products (Vilhelmsson et al. 1996; Pedro et al. 2002a; Bjørkevoll et al. 2003; 
Rodrigues et al. 2003; Pedro et al. 2004; Lorentzen et al. 2010a,b, 2011).  
 
1.4.4 Desalting 
Due to the unpalatable high salt concentration in the fish muscle (approximately 16 % to 
20 % w/w, Table 4), salt-cured and dried salt-cured cod must be desalted before 
consumption (Bjørkevoll et al. 2003, 2004; Barat et al. 2006; Fernández-Segovia et al. 
2006, 2007; Magnússon et al. 2006; Muñoz-Guerrero et al. 2010); and, therefore, the 
appearance of the final product (salt content of 2 % to 3 %) (fig. 8) (Pedro et al. 2002a; 
Lorentzen et al. 2010a) is not directly related to that of the salted fish (Barat et al. 2002). 
The desalting process is largely traditional and is a time-consuming and tedious process 
that is usually carried out at home by the final consumer (Barat et al. 2004b,c; Bjørkevoll 
et al. 2004; Muñoz-Guerrero et al. 2010). Very often the fish is cut into serving size 
pieces, and then the product is soaked in tap water for at least 24 h at room temperature 
or under refrigeration (Barat et al. 2004c; Andrés et al. 2005a) with several changes of 
water (Martínez-Alvarez 2002; Escriche et al. 2003; Barat et al. 2004c; Martínez-Alvarez 
et al. 2005b). The process generally takes about 2 days although it depends on the 
thickness of the fish pieces (Andrés et al. 2005a; Martínez-Alvarez et al. 2005b).  
 
 
 
Figure 8 - Desalted cod slices (FIS 2009). 
 
The process of desalting cod at home needs to be planned and takes time. This fact, 
together with changes in lifestyle and nutrition habits in society, has increased the 
demand for “easy or ready to use” products (Barat et al. 2004c; Muñoz-Guerrero et al. 
2010). Nowadays, consumers tend to spend less time on food preparation and prefer 
more convenient products like ready-to-eat and ready-to-heat foods (Shiu et al. 2004). 
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Thus, there is a growing popularity of salt-cured or dried salt-cured rehydrated products 
due to the fact that these presentations are commercialized almost boneless, with no 
major parts to be discarded (Bjørkevoll et al. 2004), and also ready-to-cook. 
So, the increasing consumer demand for easy or ready-to-use products, the need for 
desalting at home, the alarming drop in cod catches, the attendant rise in retail prices, and 
the current trend in low sodium diets have decreased the demand for heavy-salted cod 
(Kurlansky 1999; Skjerdal et al. 2002; Gallart-Jornet et al. 2003; Barat et al. 2004b; 
Andrés et al. 2005a; Martínez-Alvarez et al. 2005b).  
In order to adapt the cod industry to the new market requirements, it is nowadays 
appropriate to include the desalting step among the industrial operations (Barat et al. 
2004b,c; Muñoz-Guerrero et al. 2010). Consequently, large-scale industrial production of 
rehydrated products has become more interesting (Bjørkevoll et al. 2004) and at the end 
of the 20th century, new ready-to-use desalted cod products, with reduced preparation 
times, have been launched on the market (Martínez-Alvarez et al. 2005b). This has been 
done in several factories, mainly to produce frozen desalted cod (Barat et al. 2004b,c) (fig. 
9). Thus, the products are sold both as frozen, with a relatively long shelf life (several 
months) (Fernández-Segovia et al. 2006), or chilled. However, the shelf life of chilled 
products is very short, between 1 and 5 days (Pedro et al. 2002a) due to the favorable 
conditions for bacterial growth in this product (Bjørkevoll et al. 2003; Fernández-Segovia 
et al. 2003a), as well as to sensory spoilage (Akse and Joensen 1996; Fernández-
Segovia et al. 2000). This implies the development of undesirable odors and tastes. 
Therefore, to develop a product of desalted cod suitable to be commercialized under 
refrigeration for up to 1 month, the use of an additional preservation method is needed 
(Fernández-Segovia et al. 2006). 
 
 
 
Figure 9 – Frozen desalted cod products (Soguima 2013). 
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The procedure of desalting in industrial operations is similar to that performed by 
consumers at home (Barat et al. 2004b; Martínez-Alvarez et al. 2005b). Nevertheless, 
traditional rehydration large-scale, using water containers, has shown problems with 
process efficiency and product quality. The process of desalting is long and handling the 
large open tubs with water is problematic. Furthermore, there is a high risk of microbial 
contamination due to the large areas of floor space the tubs occupy (Bjørkevoll et al. 
2004). In addition, commercial rehydration and distribution often lead to a longer storage 
period between completed rehydration and consumption than traditional rehydration at 
home (Lorentzen et al. 2010a). 
The changes experienced by the cod during the desalting operation are well known; the 
protein/cod matrix is rehydrated resulting in an improvement of the cod texture (Barat et 
al. 2004a) by decreasing firmness (Martínez-Alvarez et al. 2005b) of the muscle obtained 
by salting, which strongly affects the yield (defined as weight of final desalted cod divided 
by the weight of initial salted cod), and consequently, increases the industrial economic 
benefits (Barat et al. 2004b,c). The NaCl content decreases to concentrations suitable for 
human consumption (Hall 1997; Martínez-Alvarez 2002), implying the proteins absorb 
water and increase WHC, thus contributing to the total cod weight increase (Barat et al. 
2004a,c). For these reasons, samples become more spongy and softer during desalting 
(Barat et al. 2004c). Thus, the cod desalting process is considered as simultaneous 
leaching and hydrating processes (Barat et al. 2004b). The same authors showed that the 
mass transfer fluxes that occur during the desalting process are due not only to the 
diffusion mechanism, but also to the hydrodynamic processes promoted by pressure 
gradients that occur during the cod matrix leaching and rehydration. Furthermore, the fish 
rehydration technique could also be considered, in a certain sense, as the opposite 
process to salting (Barat et al. 2004c; Heredia et al. 2007).  
So, desalting is a solid-liquid extraction operation in which several components are 
transferred from salted cod to the desalting water (Escriche et al. 2003; Barat et al. 2004b; 
Muñoz-Guerrero et al. 2010). An analysis of the mass transfer phenomena in the 
desalting process indicates that the main components transferred were water and NaCl 
(Na+ and Cl− ions) and, in smaller proportion, protein, resulting in protein-containing 
residual brine. This residual brine is a polluting effluent with dissolved and suspended 
solids that must be treated before being discharged to the municipal sewage system 
(Muñoz-Guerrero et al. 2010). This effluent has high levels of salt which make it difficult to 
degrade the organic matter present (Pedro et al. 2002b). Muñoz-Guerrero et al. (2010) 
also showed that the BOD5 and COD reached values of 1900 and 9600 mg/L in residual 
brine, respectively, exceeding the limits established by the local regulation for industrial 
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spills: 800 mg/L for chloride, 500 mg/L for BOD5 and 1000 mg/L for COD (Bop162 (1995), 
as pointed out by Muñoz-Guerrero et al. (2010)). A value of 0.20 ± 0.02 for BOD5/COD 
ratio was obtained indicating that the brine is a low biodegradable residual discharge, for 
whose treatment biological methods may be not appropriate (Muñoz-Guerrero et al. 
2010). 
The small loss of protein during the rehydration process is due to protein precipitation and 
aggregation and the short soaking time (Thorarinsdóttir et al. 2002; Di Luccia et al. 2005). 
At a high salt concentration, protein solubility decreases because of the solvation 
competition between salt ions and proteins. The higher solvation capacity of ions reduces 
the hydrodynamic radius of proteins, and protein-protein interactions become stronger 
than protein-water interaction. Thus, polar and hydrophobic interaction of proteins 
increases, favoring their hydrophobicity, aggregation, and precipitation (Duerr and Dyer 
1952; Tanford 1970; Cheftel et al. 1989; Caflisch and Karplus 1994; Di Luccia et al. 2005).  
The optimization of cod desalting on an industrial scale involves the analysis of many 
process variables, such as stirring level, process temperature, the quality of raw material 
(cod origin/history, feeding, maturity, freshness (Barat et al. 2006)), sample size, the fish 
muscle zone since the thickness and the number of bones can affect the characteristics of 
the desalted product, the additives used in the desalting water, cod/water ratio, contact 
time, and water management (Barat et al. 2004c). Water hardness can greatly vary 
depending on the geographical region and may also affect cod desalting, and the different 
methods used for cod salting can also affect desalting and consequently the final quality 
(Andrés et al. 2005a). 
Temperature control during desalting and storage is extremely important, among other 
reasons, due to the rapidity of microbial growth in cod once it is desalted (Pedro et al. 
2002a,b). High temperatures increase the speed of desalting, but the product is highly 
unstable and, as a consequence, temperatures of 0 to 4 ºC are preferable (Martínez-
Alvarez et al. 2005b). 
Before desalting salted cod is usually cut into pieces of different size and shape that 
should be commercially acceptable. It is common to find in the market cod pieces 
corresponding to loin, fins, tail, and muscle with important mass differences depending on 
the fish part. This is a vital practical aspect that has to be taken into consideration by the 
cod industry because the time needed for cod desalting will depend largely on the muscle 
zone (Andrés et al. 2005a).  Cod skin does not present any resistance to mass transfer 
mainly due to its low fat content (0.3 %) (Burgess et al. 1987; Andrés et al. 2005a). 
Some experiments (Barat et al. 2004b,c, 2006; Andrés et al. 2005a) showed that a 
cod:water mass ratio of 1:9 can be considered adequate to carry out the process. 
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However, in the study done by Muñoz-Guerrero et al. (2010), the residual brine used 
came from desalting of salted cod with a 1:7 cod:water ratio (w/w). This cod:water mass 
ratio was also considered adequate to carry out the process (Muñoz-Guerrero et al. 
2010). The process of cod desalting without water change was studied by Barat et al. 
(2004c). They found that the water weight changes increased significantly from 24 to 130 
h of processing, while the NaCl losses were almost constant. The obtained results 
supported the idea that the cod desalting process without water changes would be the 
best one from an industrial point of view, since it was the one that gave a commercial 
product with higher process yields and lower water wastes than the traditional process 
(which involves several water changes). So, the desalting process without water changes 
was considered as the simplest way of desalting with obvious economic (most economic) 
and environmental advantages (Barat et al. 2004c). 
A possible explanation for the higher weight increase in the desalting process without 
water changes could be the lesser manipulation of the sample and the high NaCl contents 
at the end of the desalting experiment, which could be influencing cod WHC and thus the 
final weight gain (Offer and Trinick 1983; Barat et al. 2004c). 
Barat et al. (2006) considered the influence of raw material of different freshness levels (0, 
7, and 12 days stored in ice) on the sensory quality of desalted cod. They found that the 
major sensory differences were in texture where the freshest raw material tended to lead 
to a harder and less flaky desalted product, while the less fresh raw material (close to the 
limits of acceptable freshness quality) resulted in a flakier product (as referred to above), 
probably due to higher proteolytic degradation of the muscle prior to salting. However, this 
study did not describe which kind of texture the consumers preferred. Texture and taste 
have been considered the main parameters for sensory ranking of cooked samples of 
desalted cod among consumers familiar with traditionally desalted cod (Barat et al. 2006). 
The use of additives in the desalting water may improve the characteristics of the final 
product and could be of interest for its preservation (Andrés et al. 2005a; Fernández-
Segovia et al. 2006). Some studies report the use of oxygenated water on desalted cod 
(Martínez-Alvarez 2002; Martínez-Alvarez et al. 2005b, 2008) obtaining an increase of the 
product’s shelf life because hydrogen peroxide added to the desalting solution in small 
concentrations considerably reduced or delayed the microbial development on the end 
product. Thus, the use of hydrogen peroxide has been shown to improve microbiological 
quality (Stout and Carter 1983; McNeillie and Bieser 1993; Juven and Pierson 1996; 
Himonides et al. 1999; Martínez-Alvarez et al. 2005b). An increase in firmness and 
lightness/whitening without affecting either yield or protein functionality to any great extent 
was also observed with the addition of hydrogen peroxide on desalted cod (Young et al. 
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1980; Martínez-Alvarez et al. 2005b). However, and depending on the application 
conditions of oxygenated water, some disadvantages such as unpleasant changes in the 
appearance and texture of the muscle tissue or abnormal coloring of the skin (between 
grayish to brown) have been reported. These problems and the lack of legislation 
concerning oxygenated water make it hardly an advisable alternative (Fernández-Segovia 
et al. 2006).  
The incorporation of additives, authorized by most food regulations, for instance 
potassium sorbate, sorbic acid, citric acid, and so on, has also been studied for the 
preservation of cod (Osthold and Leinstner 1983; Shaw et al. 1983; Ampola and Keller 
1985; Licciardello et al. 1986; Fernández-Segovia et al. 2003a, 2006, 2007). The use of 
various concentrations of citric acid and potassium sorbate on the microbial growth on 
chilled desalted cod has shown that these additives could be a suitable choice for the 
preservation of this product from a microbiological point of view (Fernández-Segovia et al. 
2003a, 2006, 2007). 
Moreover, the addition of certain salts of weak acids like phosphates or citrates to the 
desalting water has been found to be an effective aid to the proper binding of water by 
protein (Hamm 1961; Chang and Regenstein 1997; Thorarinsdóttir et al. 2001), which is 
extremely important in desalting. In the case of cod desalting, the effect of direct addition 
of salts of weak acids to the soaking water was studied by Martínez-Alvarez et al. (2005b) 
who observed that the use of an alkaline pH (pH 9.5) carbonate/bicarbonate buffer 
solution during the early hours of desalting can be extremely useful for industrial purposes 
in that it positively affects yield and juiciness of the product and enhances the functional 
quality of the muscle protein. However, the final product has only a limited shelf life due to 
microbial growth.  
NaCl affects the WHC of proteins, and for this reason, cod desalted with a NaCl solution 
will improve process yield and will help to control the final salt content in cod pieces 
(Andrés et al. 2005a).  
Measurement of the NaCl concentration in the desalting water has been proposed as a 
possible way to estimate the NaCl concentration in the cod liquid phase during desalting 
and at equilibrium (Barat et al. 2006). 
Recently, Aliňo et al. (2011) tried to obtain ready-to-eat low-sodium desalted cod with 
improved quality and shelf life. They proposed an alternative methodology for sodium 
replacement in the cod that consists in substituting NaCl by KCl not during salting but 
during the desalting process. The obtained results showed that it is possible to obtain low-
sodium desalted cod, safe under refrigerated storage conditions, up to 100 % and to 75 % 
NaCl substitution by KCl, in the raw and cooked product, respectively, without adversely 
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affecting the sensory quality of the product. However, the presence of potassium 
decreased process yield (Aliňo et al. 2011). 
 
Vacuum-tumbling is considered to be a suitable method when adding additives to cod and 
similar fish fillets (Esaiassen et al. 2004, 2005). It has been reported that this technique 
results in a more even distribution, better WHC, and less cooking loss (Esaiassen et al. 
2004). Mechanical tumbling is considered to be sufficient to incorporate ingredients in 
small-size products. When large pieces of muscle are to be treated, injection is often 
preferred (Xiong and Kupski 1999). 
 
Mild thermal treatments (microwave and water and steam blanching) have also been 
applied in studies on desalted cod (Escriche et al. 2001; Fernández-Segovia et al. 2000, 
2003c, 2006, 2007). The results showed an important reduction in microbial growth 
(Fernández-Segovia et al. 2000, 2003b). However, it has been reported that it was 
necessary to combine blanching with vacuum or modified atmosphere packaging to obtain 
a chilled product of appropriate microbiological quality (Fernández-Segovia et al. 2007). 
Moreover, the heating process induces alterations in the original texture (softening), color, 
and other important characteristics, as compared to untreated desalted cod (Fernández-
Segovia et al. 2003c). Nevertheless, a sensory study made by Escriche et al. (2001) 
revealed that after cooking there were no differences in the organoleptic characteristics 
between the thermally treated product and the untreated samples. Thus, mild thermal 
treatments could be used for extending the shelf life of desalted cod as a means of 
offering consumers pre-cooked ready-to-use desalted cod. In this way, the thermal 
treatments would not only preserve the fish, but would also contribute to add value to the 
desalted cod (Fernández-Segovia et al. 2007). 
 
It has been shown that long-term exposure to very high salt concentrations does not 
eliminate Listeria spp. and that Listeria present in the fish prior to salt-curing can recover 
and grow in rehydrated salt-cured cod during chilled storage (Lorentzen et al. 2010a). 
Also, it has been demonstrated that Listeria monocytogenes grows well in rehydrated salt-
cured cod when it is introduced to the desalting water; the bacteria may reach high levels 
within a few days (Skjerdal et al. 2002; Fernández-Segovia et al. 2003b). So, numerous 
species found in the desalted products were also isolated from the salted and dried salted 
cod. These bacteria were able to survive in the low water activity conditions of the 
products and some of these had the ability to produce H2S and/or displayed 
decarboxylase activity (Rodrigues et al. 2003). Desalting could either introduce or recover 
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off-odor and/or ornithine-producing organisms (Pedro et al. 2002a). Thus, it is probable 
that the growth of bacteria during soaking might contribute to the spoilage of desalted cod 
(Rodrigues et al. 2003). Psychrobacter spp. are considered typical spoilage organisms in 
rehydrated salt-cured cod (Bjørkevoll et al. 2003). 
 
1.5 Main objectives 
The preliminary task of this thesis was to build a current picture of the technical and 
scientific knowledge on the cod processing situation, giving emphasis to salting, drying, 
and desalting steps. We conclude that the existing scientific knowledge of the salt-curing 
and desalting processes of Atlantic cod (Gadus morhua) is not yet considered enough. 
Based on the knowledge found, it was possible to outline the experiments whose aims 
were as follows: 
 
1. Assess quality changes during cod salt-curing (up to 76 days) at temperatures 
between 6 and 18 ºC and relative humidity lower than 80 % by chemical, physical, 
microbiological and sensorial analysis. 
2. Evaluate quality changes throughout cod desalting (up to 72 h) at three 
temperatures (5, 10 and 15 ºC) by chemical, physical, sensory and microbiological 
analysis. The influence of the thickness was also assessed. 
3. Analyze of the mass transfer kinetics during the cod desalting process (up to 150 
h) with respect to processing time, temperature (5, 10 and 15 ºC) and thickness.   
 
Therefore, this thesis aims to contribute to a complete characterization of wet salted cod, 
their raw material (fresh cod) and corresponding desalted cod products as well as to 
increase the quality and safety of these important food products widely consumed in 
Mediterranean countries.
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2.1 Quality changes during salt-curing of cod 
2.1.1 Raw material and salt-curing experiments 
One batch of approximately 100 kg of defrosted raw Atlantic cod (Gadus morhua), with a 
unit weight between 2 to 3 kg, was provided properly gutted and headed by a Portuguese 
company. It was then pickle-salted, with a proportion of 0.5 kg salt/kg fish, in the cod 
supplier facilities during 14 days, which is considered the minimum time required to obtain 
commercial salted cod (Barat et al. 2004a) and represents a common practice in 
Portuguese industry.  
All samples (unsalted and pickle-salted samples) were transported under refrigeration 
conditions (5 ± 1 ºC) to a laboratory of the Escola Superior Agrária de Coimbra. During 
transportation, unsalted cod was preserved and packed with ice plates and wet salted cod 
was sprinkled with salt. 
On arrival at the laboratory, unsalted cod was analyzed immediately and salted cod was 
salt-cured with the skin side down throughout 76 days (fig. 10). The salt-curing time was 
selected after consulting four Portuguese companies in order to understand how they 
perform the process. 
 
               
 
 
 
 
 
 
 
 
 
Figure 10 - Cod products in different processing steps: (A) unsalted cod; (B) salted cod after 14 
days of pickle-salting and (C) salt-cured cod at 12 ºC after 76 days. 
(A) 
	  
	    
(B) 
(C) 
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Salt-curing was run at different temperatures (6, 12 and 18 ºC ± 1 ºC) and relative 
humidity lower than 80 % (approximately 75.0 ± 2.6 %) to reproduce industrial conditions. 
Therefore, the salt-curing experiments were made in appropriate chambers that control 
the temperature and the relative humidity (RH). The process was performed at 
refrigeration temperature (6 ºC) to avoid the microbial growth and also at higher 
temperature (close to the room temperature) to simulate eventual temperature abuse 
which can happen in industry. 
Quality was regularly evaluated during the salt-curing processes by sensory, chemical, 
physical and microbiological analyses in cod samples (Table 6). Samples were analyzed 
after 14 days of pickle-salting (considered the day 0 of salt-curing) and after 7, 31 and 76 
days of salt-curing. For each binomial time/temperature evaluated during the processes, 
two fish were used to assess the quality parameters. In order to characterize the raw 
material, two unsalted cod were also analyzed.  
 
Table 6 – Analyses performed to characterize the raw material and to evaluate salt-curing effect. 
 
Samples evaluated Analyses 
  
Chemical 
 
Physical 
 
Microbiological 
 
Sensory 
Raw material 
Final product 
(salt-cured cod after 
76 days) 
 
Moisture 
NaCl 
Ash 
Protein* 
Fat* 
Free amino acids 
nitrogen 
Total volatile basic 
nitrogen* (TVB-N)* 
Thiobarbituric acid 
index (TBA)* 
Color 
Texture 
pH 
Water activity (aw) 
TVC** (mesophilic and 
psychrotrophic) 
Proteolytic (mesophilic and 
psychrotrophic) 
Enterobacteria (mesophilic 
and psychrotrophic) 
Coagulase-positive 
Staphylococci counts 
Halophilic bacteria 
Yeasts and molds 
Evaluated 
attributes: 
Color 
Odor 
Mucus 
Brightness 
During the process 
Salt-cured cod after 0, 
7, 31 days 
Moisture 
NaCl 
Ash 
Free amino acids 
nitrogen 
 
 
Color 
Texture 
pH 
Water activity (aw) 
TVC** (mesophilic and 
psychrotrophic) 
Proteolytic (mesophilic and 
psychrotrophic) 
Enterobacteria (mesophilic 
and psychrotrophic) 
Coagulase-positive 
Staphylococci counts 
Halophilic bacteria 
Yeasts and molds 
Evaluated 
attributes: 
Color 
Odor 
Mucus 
Brightness 
* Analyses made for a better chemical characterization of the raw material (unsalted cod) and the final products obtained in 
the salt-curing processes. ** TVC = total viable counts. 
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2.2 Quality changes during cod desalting  
2.2.1 Cod desalting experiments 
One batch of salted cod was produced in a Portuguese factory under commercial 
conditions: defrosted fish was pickle-salted, with a proportion of 0.5 kg salt/kg fish, for 
approximately two weeks and then kench-cured, with the skin side down, for 21 days, at 
around 4 ºC. After that, wet salted cod was cut into slices with approximately 200 g of unit 
weight. The slices were transported under refrigeration conditions (5 ± 1 °C) to a 
laboratory of the Escola Superior Agrária de Coimbra (ESAC).  
On arrival at the laboratory, salted cod slices (around 7.8 kg) were cut in similar boneless 
rectangles and cubes shaped pieces, with 1.0 (± 0.1) cm and 3.5 (± 0.2) cm of thickness, 
respectively (fig. 11), to reduce the variability. A total of 78 cubes with an average weight 
of 54.08 ± 6.38 g for each cod cube were cut from the salted cod loins. And, a total of 78 
rectangles with an average weight of 36.41 ± 6.86 g for each cod rectangle were taken 
from the belly flaps of the same fish (fig. 11).  
 
 
       
 
 
  
 
 
 
 
 
 
 
 
               
 
Figure 11 – (a) One salted cod slice and (b) (c) both shaped cod pieces analyzed (b - cod cubes 
with 3.5 cm of thickness; c - cod rectangle with 1 cm of thickness) after being cut. 
 
The different shaped cod pieces were then desalted separately in distilled water 
throughout 72 h at three different temperatures (5, 10 and 15 ºC ± 1 ºC), using a 
cod/water ratio of 1:9 (w/w) without water changes. All samples were soaked with the skin 
(b) (c) 
 
 
+ 
	  
 
 
               
 
(a) 
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side up, without overlapping and without stirring, the most common situation in industry. 
The skin tends to be the saltier zone, for this reason, the desalting process is done with 
the skin side up perhaps to increase the speed of desalting due to the fall by gravity of 
salt. Therefore, it is possible that the heavier solution (with more salt) falls and the lightest 
solution (with less salt) rises in desalting water. Furthermore, the skin may exert some 
barrier to salt leaching out. So, it is expected that the transfer of salt from the skin is 
reduced. Thus, this procedure ensures that all the muscle area where there is salt transfer 
is in fact surrounded by the water solution and thus available for mass transfer, 
accelerating the process.  
The temperature of 5 ºC was chosen to reproduce industrial conditions (Barat et al. 2006) 
because lower temperatures are used in factories to reduce the bacterial load of the final 
product. Moreover, some Portuguese factories perform desalting up to a maximum 
temperature of 9 °C, which also shows the importance of soaking at 10 ºC. On the other 
hand, the higher temperature (15 ºC) was chosen in order to reproduce some temperature 
abuse that may occur in industry. This higher temperature is also relevant to simulate 
domestic conditions because the consumer usually performs the soaking at room 
temperature. 
 
The cod/water mass ratio of 1:9 was considered adequate to carry out the process 
according to previous experiments (Barat et al. 2004b,c, 2006; Andrés et al. 2005a). For 
example, Barat et al. (2004c) mentioned that the cod/water ratio of 1:9 is appropriate to 
work with immerse percolation conditions. 
 
Quality was regularly evaluated during the desalting processes by sensory, chemical, 
physical and microbiological analyses in cod samples and by microbiological and physical 
analyses performed in desalting water (Table 7). Samples were analyzed before (wet 
salted cod) and during desalting (12, 24, 36, 48, 72 hours). For each binomial 
time/temperature evaluated throughout the desalting processes, quality was generally 
analyzed in two cod cubes and in two cod rectangles.  
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Table 7 – Analyses made during the desalting processes in both cod pieces analyzed (TK = 
“Thicker” samples; TN = “Thinner” samples) and in desalting water (DW). 
 
 
Desalting time 
 
Analyses 
 
0, 72 h 
 
Chemical 
 
Physical 
 
Microbiological 
 
Sensory 
 TK, TN 
Moisture* 
NaCl* 
Protein* 
Fat* 
Cod pieces: 
Color (TK) 
Texture (TK, 
TN) 
 
TK:  
TVC (mesophilic and 
psychrotrophic) 
Proteolytic (mesophilic and 
psychrotrophic) 
 TK: After 72 h 
Evaluated 
attributes: 
Color 
Odor 
 Free amino acids 
nitrogen 
TVB-N* 
TBA* 
DW (both cod 
pieces): 
Turbidity 
 
Enterobacteria (mesophilic 
and psychrotrophic) 
Coagulase-positive 
Staphylococci counts (only at 
0 h) 
H2S producing bacteria 
 
TN, DW: 
Flavor 
Juiciness 
Firmness 
Chips formation 
 
 
 
12, 24, 36, 48 h 
 
 
TK, TN: 
Free amino acids 
nitrogen 
 
 
 
Cod pieces: 
Color (Tk) 
Texture (Tk, 
TN; only after 
36 h) 
 
DW (both cod 
pieces):  
Turbidity 
 
TVC (mesophilic and 
psychrotrophic) 
TK: 
TVC (mesophilic and 
psychrotrophic) 
Proteolytic (mesophilic and 
psychrotrophic) 
Enterobacteria (mesophilic 
and psychrotrophic) 
H2S producing bacteria 
 
TN, DW: 
TVC (mesophilic and 
psychrotrophic) 
 
 
* Analyses performed in both shapes of cod pieces for a better chemical characterization of the raw material (salted cod) 
and the final products obtained in the desalting processes. 
TVB-N = Total volatile basic nitrogen; TBA = Thiobarbituric acid index; TVC = Total viable counts. 
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2.3 Mass transfer kinetics during the cod desalting process  
2.3.1 Cod desalting experiments 
A total of 66 cubes with an average weight of 53.42 ± 7.01 g for each cod cube and a total 
of 88 rectangles with an average weight of 35.44 ± 7.04 g for each cod rectangle were 
used in these experiments. 
 
The procedure performed in these experiments was the same reported in the section 2.2. 
However, the different shaped cod pieces were desalted separately throughout 150 h. 
Thus, the study was carried out until no weight changes were observed in the samples, 
considering this as an equilibrium state. 
Mass transfer kinetics was regularly evaluated during the desalting processes by chemical 
and physical analyses made in cod samples and in desalting water (Table 8). Samples 
were analyzed before (wet salted cod) and during desalting (2, 12, 24, 36, 48, 72 and 150 
hours). For each binomial time/temperature evaluated throughout the desalting processes, 
mass transfer kinetics was analyzed at least in two cod cubes and in two cod rectangles.  
 
Table 8 – Physicochemical analyses performed during the desalting processes in both cod pieces 
analyzed (TK = “Thicker” samples; TN = “Thinner” samples) and in desalting water (DW). 
 
 
Desalting time (h) 
 
Analyses 
 
0, 2, 12, 24, 36, 48, 72, 150 
 
Chemical 
 
Physical 
  
TK, TN: 
 
TK, TN: 
 Moisture Total mass/weight changes 
 NaCl  
 Ash DW (both cod pieces): 
  Refractive index 
 DW: 
NaCl 
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2.4 Parameters evaluated 
2.4.1 Chemical analyses 
The chemical analyses performed in all cod samples and in desalting water are shown in 
Tables 6, 7 and 8. All the chemicals and reactives used were analytical grade of the 
highest purity.  
 
Depending on the experiments performed, the samples were collected and prepared 
differently. However, the split fish analyzed (unsalted or salted) in the salt-curing 
experiments (section 2.1) and both shapes of cod pieces used throughout the desalting 
processes (section 2.2 and 2.3) were homogenized separately and analyzed chemically. 
For analyses of water, ash and salt contents in the salt-curing experiments, one 
transversal slice of 2 cm of width was removed between the anal fins of each cod sample 
and another transversal slice of similar width was taken below the pectoral fins, as 
described in Portuguese legislation (2005). Then, the two slices were homogenized and 
analyzed. 
When the samples were not evaluated immediately, they were stored in sealed plastic 
bags at -80 ºC before analysis.  
 
2.4.1.1 Moisture, ash and salt contents 
Moisture content was determined by oven drying for 24 h at 105 ± 1 ºC until constant 
weight was reached (AOAC 1998 No. 950.46). Measurement of salt content was done by 
titration according to Mohr´s method (Codex Stan 1989; AOAC 1990 No. 937.09).  
According to Brás and Costa (2010), the ash and salt contents of heavily salted fish are 
similar since almost all the ash in the salted fish corresponds to the salt that entered to the 
fish muscle. However, the same authors also reported that ash determination involves a 
smaller experimental error (Brás and Costa 2010). So, to confirm the changes of the salt 
content during the salt-curing and desalting processes (Tables 6 and 8), the ash content 
was also determined by the AOAC Official Method 938.08 (AOAC 1998).  
The mass of each cod sample used was enough to make determinations of moisture, ash 
and salt contents in triplicate or quadruplicate. Sub-portions of approximately 1 to 2 g of 
triturated muscle were used for each replicate. The results of these determinations were 
expressed as grams of water, salt or ash per gram of cod sample (g/g). 
 
The salt content was measured in desalting water (yNaCl) by adding 4 ml of distilled water 
to a sample of 1 ml of desalting water. This mixture was titrated with AgNO3 (Panreac, 
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Barcelona, Spain). Such procedure was repeated at least two times for each binomial 
time/temperature. The results of this determination were expressed as grams of NaCl per 
total weight of desalting solution.  
 
Salt concentration in the fish liquid phase (ZNaCl) was also estimated in desalting 
experiments (section 2.3) from the water and sodium chloride content determinations, 
according to the equation (1) used by Barat et al. (2004c): 
 
 
 
where: xw and xNaCl are the water and NaCl weight fractions in the cod liquid phase, 
respectively, thus considering that nearly all sodium, chloride ions and water were free in 
the cod muscle (Barat et al. 2004c). This hypothesis was confirmed by a previous work 
(Barat et al. 2002). The results were expressed as grams of NaCl per grams of liquid 
phase.  
 
The calculated ZNaCl value and the desalting water NaCl concentration (yNaCl) value were 
compared during all the desalting processes (section 2.3), in order to understand when 
the equilibrium was reached, since these values (ZNaCl and yNaCl) were found to be the 
same at equilibrium (Barat et al. 2002). 
 
2.4.1.2 Protein content 
The total nitrogen content was quantified by the Kjeldahl method as described in AOAC 
Official Method 981.10 (AOAC 1998). Briefly, an acid digestion (H2SO4 concentrated 
(Panreac, Barcelona, Spain)) of 1 g of triturated muscle sub-sample, followed by addition 
of NaOH (Panreac, Barcelona, Spain) and distillation and subsequent titration of the 
samples was made to determine the total nitrogen content. The conversion of total 
nitrogen content in total protein content of the fish muscle was done using a factor of 6.25 
(TN * 6.25). 
The protein analyses of each cod sample were run in duplicate or triplicate. The results of 
protein content were expressed as grams of protein per 100 grams of sample.  
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2.4.1.3 Free fat content  
The method used for determination of free fat was the Soxhlet extraction described in NP 
n. º 1972 (IPQ 2009a). To this purpose, a Behrotest® Extraction Systems with linear 
sample configuration (Behr Labor-Technik, Düsseldorf) was used. The fat extraction of the 
dried samples was made with diethyl or ethyl ether (Sigma-Aldrich, Munich, Germany) 
during 7 h. After removal from the extraction system, the diethyl or ethyl ether was 
evaporated from the round bottom flasks used. Then, the extracted lipids were oven dried 
(105 ± 2 ºC) until constant weight was reached (2 h). 
The mass of each cod sample used was enough to make determinations of free fat 
content in duplicate or triplicate. Sub-portions of approximately 10 g of triturated muscle 
were weighed for each replicate. The results of free fat content of each sample were 
expressed as grams of free fat per 100 grams of sample. 
 
2.4.1.4 Free amino acids nitrogen content 
The non-protein nitrogen (NPN) fraction contains various nitrogenous compounds, such 
as free amino acids, among others (Thorarinsdóttir 2010). The total amount of free amino 
acids nitrogen, commonly used as indicator of fish protein degradation (proteolysis) 
(Yongsawatdigul et al. 2004), was estimated along the salt-curing and desalting 
processes (Tables 6 and 7). Trichloroacetic acid (Scharlau, Barcelona, Spain) (20 %) 
extracts of the homogenized samples were prepared and, for each extract, two analysis of 
free amino acids nitrogen were made. Sub-portions of approximately 25 g of triturated 
muscle were weighed to prepare each extract. Details on the methodology can be found 
in Ferreira (1953). The results of free amino acids content were expressed as milligrams 
of nitrogen (N) per 100 grams of sample. 
 
2.4.1.5 Total volatile basic nitrogen (TVB-N) content 
Other common indicator of fish degradation (total volatile basic nitrogen or TVB-N content) 
was also determined along the processes, as shown in Tables 6 and 7. 
The amount of total volatile basic nitrogen (TVB-N) was determined by the Conway 
method, using a Conway cell adapted from Pearson (1973), in accordance with NP n.º 
2930 (IPQ 2009b). Trichloroacetic acid (Scharlau, Barcelona, Spain) (5 %) extracts of the 
homogenized samples were prepared and for each extract two independents analyses of 
TVB-N content were done using the Conway cells. Sub-portions of approximately 50 g of 
triturated muscle were weighed to prepare each extract. Results of TVB-N content were 
expressed as milligrams of nitrogen (N) per 100 grams of sample. 
Material and Methods 
	   	   	   	  52	  
	  
 
2.4.1.6 Thiobarbituric acid index (TBA) 
Lipid oxidation was evaluated by analyzing the thiobarbituric acid index (TBA). Thus, the 
TBA as a measure of rancidity was determined by the spectrophotometric method 
described in the NP n.º 3356 (IPQ 2009c). Trichloroacetic acid (Scharlau, Barcelona, 
Spain) (7.5 %) extracts of the homogenized samples were prepared and for each extract 
two independents analyses were done. Sub-portions of approximately 15 g of triturated 
muscle were weighed to prepare each extract. The extract volume analyzed in both 
experiments was 5 ml. The absorbance was read at a wavelength of 530 nm in a double 
beam spectrophotometer (UV/VIS Hitachi U-2000).  
The results of TBA were expressed as milligrams of malonic aldehyde per 1000 grams of 
sample and calculated using a standard curve prepared from 1,1,3,3-tetraethoxypropane 
(TEP) (Sigma-Aldrich, Munich, Germany). 
 
2.4.2 Physical analyses 
2.4.2.1 Color measurements  
When necessary, the exceeding salt was removed from the surface of the fish assessed 
in the salt-curing experiments. After that, the color measurements were done 
independently in two positions (close to the tail and in the loin part, both next to the central 
line) of each fish analyzed (fig. 12). Generally, five to six points were taken in each 
position.  
 
 
 
Figure 12 – Localization of the two positions where the color and texture measurements were 
independently made (A – Zone close to the tail; B – Loin part) in each fish. 
 
For desalting experiments, the color was only evaluated in the “thicker” cod pieces 
(cubes), as shown in Table 7. So, in these experiments, the color measurements were 
generally done in all the sides of the cod cubes, except in the side with skin. Therefore, 
A 
B 
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the color was measured in five (sometimes only four) different points of the same cod 
piece.  
 
For each binomial time/temperature evaluated during the salt-curing and desalting 
experiments, average values and standard deviations were calculated for each color 
parameter.  
 
The color of the muscle surface was measured instrumentally using a tristimulus 
colorimeter (Minolta Chroma Meter, model CR-200b, Minolta Camera Co. Ltd., Osaka, 
Japan), in L* a* b* system (CIE 1976), after calibration with a white standard (L* = 98.0; a* 
= -0.3; b* = 2.4). The instrument records the L* (lightness), a* (redness) and b* 
(yellowness) values on CIELAB color scale (fig. 13).  
 
CIELAB system 
The CIELAB system (fig. 13) was recommended by the Commission Internationale de 
l´Eclairage (CIE) in 1931 (Young and Whittle 1985) and is widely used throughout the food 
industries. The (L*, a*, b*) set is a cartesian coordinate system, with L* representing 
“Lightness” (relative to a reference white, typically the border) on a scale of 0 (black) to 
100 (white), with chromaticity indicated by a*, an arbitrary axis, perpendicular to b*, 
another arbitrary axis (LaBudde and Cusick 2003). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13 - Three-dimensional diagram of color space - CIELAB system (adapted from Rodrigues 
2006). 
Black 
+a* 
White 
-a* 
-b* 
+b* 
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Moreover, the a* value describes the intensity in green color and in red color: green color 
intensity increases with the value associated with the signal -, while the intensity of the red 
color increases with the value associated with the signal +. The b* value describes the 
intensity in blue color and in yellow color: the color blue increases with the value 
associated with the signal - and the yellow color with the value associated with the signal 
+ (Rodrigues 2006; Nguyen et al. 2011a).  
 
However, according to LaBudde and Cusick (2003), a* does not represent “redness” and 
b* does not represent “yellowness”. They are simply cartesian coordinates in a 
chromaticity plane. For example, an a* value of +1.0 can be “red” (if b* = 0) or “yellow” (if 
b* = 10) or “blue” (if b* = - 10) (LaBudde and Cusick 2003). For this reason, the color of 
the cod samples was characterized in this study, not only through the parameters L*, a* 
and b* but also from other color coordinates (chroma (Ca,b*), hue (ha,b*), whiteness and 
color difference (ΔE)). These color coordinates are obtained through L*, a*, b* parameters 
and, consequently, are dependent of them and are subject to reflection of the differences 
found between the experimental groups for L*, a* and b*.  
 
It was determined (Young and Whittle 1985) that the +a* axis was chosen to 
approximately represent a line through a hue angle of “red” at 0 degrees, and the -a* axis 
approximately on a line through a hue angle of “green” at 180 degrees. The +b* axis 
similarly lies along “yellow” at 90 degrees and -b* along “blue” at 270 degrees (LaBudde 
and Cusick 2003). Thus, hue is an angular measurement that ranges from 0 degrees 
(approximately “red”) to 360 degrees (back to “red” again, or, alternatively, + 180 
degrees), with each angle representing a different hue in the spectrum (0 º indicates a red 
hue, 90 º denotes a yellow hue, 180 º green and 270 º blue one) (LaBudde and Cusick 
2003; Kalinowski et al. 2005). 
Hue, namely the observable color (e.g. red, blue, yellow) (Kalinowski et al. 2005) was 
calculated by the following equation:  
 
ha,b* = arctan(b*/a*)  
 
On the other hand, the “Chroma” value is a correlate of “colorfulness” (relative to the 
reference white), and ranges from 0 (gray with no color) to all lightness arising from the 
particular color hue, with no “whiteness” added (LaBudde and Cusick 2003). So, chroma 
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is an expression of saturation or intensity of the color attained (Kalinowski et al. 2005), 
and is expressed by the following equation:  
 
Ca,b* = (a*2 +b*2)1/2  
 
Moreover, the whiteness of the muscle surface was calculated by the following two 
equations: 
 
Eq. 1: Whiteness = L* - 3b*  
(Park 1994) 
 
Eq. 2: Whiteness = 100 - √ [(100 - L*)2 + a*2 + b*2] 
(Schubring 2009)  
 
In addition, Young and Whittle (1985) developed a formula widely used by the textile 
industry to detect color differences. According to this formula, the color difference (ΔE) 
was defined as [(ΔL*)2 + (Δa*)2 + (Δb*)2]0.5 (eq. 1), being ΔL*, Δa* and Δb* the differences 
between the average values of L*, a* and b* of each pair. The same authors also stated 
that ΔE rounded to 0.3 indicates similarity in color, rounded to 1.0 shows a smaller 
similarity, rounded to 2.0 a weak resemblance and a ΔE value rounded or greater than 3 
demonstrates dissimilar colors (Young and Whittle 1985).  
 
Furthermore, Schubring (2009) mentioned that the total color difference can also be 
expressed as the correlates of lightness, chroma and hue by the following equation: 
 
ΔE = [(ΔL*)2 + (ΔC*)2 + (ΔH*)2]1/2 (eq. 2) 
 
where: ΔL*, ΔC* and ΔH* are the differences between the average values of L*, chroma 
and hue of each pair. 
 
Therefore, the color difference was obtained in the current study through the two 
equations reported above. In both cases, the pairs evaluated were the different times 
analyzed during the salt-curing and desalting processes. 
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2.4.2.2 Texture measurements  
Many instrumental methods have been developed to determine food textural properties 
(Bourne 2002; Kilcast 2004). Nowadays, the most commonly used instrumental method is, 
probably, the compression method of texture profile analysis (TPA) that mimics the 
conditions to which the material is subjected throughout the mastication process (Scott-
Blair 1958; Bourne 1978). Thus, the TPA test consists of compressing a small piece of 
food two times in a way that imitates the action of the jaw and extracts from the resulting 
force-time curve (fig. 14) a number of textural parameters that has been found to correlate 
well with sensory evaluation (Bourne 1978; Stable Micro Systems 2009). So, the TPA test 
is based on the recognition of texture as a multi-parameter attribute. Szczesniak et al. 
(1963) defined the textural parameters first used in this objective method of sensory 
analysis (Stable Micro Systems 2009). 
 
 
 
Figure 14 - Example of a force-time plot resulting from a TPA test (Stable Micro Systems 2009). 
 
The parameters typically calculated from the TPA test include original parameters and 
some other calculations which have been developed from them (Stable Micro Systems 
2009) and are: 
 
  Hardness (g) – the maximum peak force during the first compression cycle (first 
bite) or the maximum force required to compress the sample. 
  Fracturability (g) (originally called brittleness) – the force at the first significant 
break in the TPA curve (Stable Micro Systems 2009) or the force at which the 
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sample fractures during the first downstroke. So, this parameter gives a measure 
of the breaking strength of the muscle when subjected to tensile, shear and 
compression stress. In other words, it is the force required to bite through the 
surface of the sample (Veland and Torrissen 1999), but not all products fracture 
(Bourne 1982). 
  Adhesiveness (g.s) - the negative force area for the first bite and represents the 
work required to overcome the attractive forces between the surface of a food and 
the surface of other materials with which the food comes into contact. Thus, the 
adhesiveness is the total force necessary to pull the compression plunger away 
from the sample. For materials with high adhesiveness and low cohesiveness, 
when tested, part of the sample is likely to adhere to the probe on the upward 
stroke. 
  Springiness (mm) (originally called elasticity) - is related to the height that the food 
recovers during the time that elapses between the end of the first bite and the start 
of the second bite. Springiness = 1 (total recovery). 
  Chewiness (g.mm) - the product of gumminess x springiness (which equals to 
hardness x cohesiveness x springiness) and is therefore influenced by the change 
of any one of these parameters.  
  Gumminess (g) - the product of hardness x cohesiveness.  
  Cohesiveness - the area of the second compression cycle relative to the area of 
the first compression cycle. Moreover, cohesiveness gives a relative and 
dimensionless measure of how much of the muscle's strength is retained after the 
deformation of the first compression. If cohesiveness = 1, the muscle has 
maintained its strength and regained its structure completely during the pause 
between the compressions, and offers the same resistance to the second 
compression as to the first. If cohesiveness is < 1, the deformation of the first 
compression has been partly irrecoverable (Veland and Torrisen 1999). 
  Resilience - the area of the first upstroke relative to the area of the first downstroke 
(Veland and Torrissen 1999). So, it is taken as the ratio of the area from the first 
probe reversal point to the crossing of the x-axis and the area produced from the 
first compression cycle (Stable Micro Systems 2009). Resilience gives also a 
measure of the elasticity of the muscle, and considers not only the distance, but 
also the force and speed with which the sample bounces back after the initial 
deformation. If resilience = 1, all the work performed by the probe during the 
downstroke is returned by the sample during the upstroke. If resilience < 1, the 
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sample has not recovered completely to its original thickness, or has recovered 
with less force or speed than it was compressed with (Veland and Torrissen 1999). 
 
For a better understanding of these concepts see Bourne (1982). 
 
Additionally, Brás and Costa (2010) reported that a compression test can simulate the 
compression that the consumer does with the fingers when evaluating the product. 
Moreover, it has been stated that the resistance the salmon muscle offers to deformation 
is not only comparable to the resistance during mastication but also to the stress or 
deformation the muscle tolerates, without falling apart, when cut into slices (Veland and 
Torrissen 1999). So, the TPA test can also simulate the cut of salted cod into slices, for 
example to produce desalted frozen cod.  
For all the reasons referred above, the textural properties of cod samples (salted and 
desalted cod) were measured in this work, using a texture analyzer TA.XT Express 
Enhanced (Stable Micro Systems, Surrey, UK), through a compression method of texture 
profile analysis (TPA). The instrument was controlled by a computer using the TA.XT 
Express V 1.1.9.0 software. 
 
The TA.XT Express Enhanced Texture Analyzer has a 5 kg.f capacity in compression and 
tension with a measurement resolution of better than 0.1 g. It has a speed range of 0.1 - 
10.00 mm/s and a stroke of 0.1 - 135 mm (Texture technologies 2011).  
 
Sample preparation and operation conditions  
The texture measurements were done independently in two areas (close to the tail and in 
the loin zone, both next to the central line (fig. 12)) of each split fish analyzed in the salt-
curing experiments (2.1). To this purpose, we cut samples with approximately 15 mm of 
thickness in the loin zone and with approximately 10 mm of thickness in the zone close to 
the tail. Three (occasionally four or five) measurements were run on each area. A double 
compression cycle test was performed approximately up to 50 % and 80 % compression 
of the original height of the samples removed from the loin part and the samples cut from 
the zone close to the tail, respectively.  
 
For each binomial time/temperature analyzed in the desalting experiments (section 2.2), 
two cubes with 2.7 cm of height and 3.5 cm of length and two (occasionally four) 
rectangles with 1 cm of height were prepared. To obtain the height desired, the side with 
the skin was the side that was cut in the “thicker” cod pieces. A double compression cycle 
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test was performed up to 80 % and 50 % compression of the original portion height for 
each cube and rectangle, respectively.  
 
All samples evaluated were placed with the myotomes perpendicular to the probe. A 
cylinder probe with 5 mm of diameter was used in all the tests performed in the current 
study. When the probe first came in contact with the samples, the trigger value was 
reached and the test began at the defined speed. The trigger force for measuring height of 
the samples was 1 g and 5 g for salt-curing (section 2.1) and desalting (section 2.2) 
experiments, respectively. The cylinder probe was moving downwards a fixed distance at 
2 mm/s and at 5 mm/s during the test, respectively, in the salt-curing and desalting 
experiments. After that, the probe returned to the initial point of contact with the samples 
and stopped for a set period of time before the compression was repeated. A time of 5 s 
was allowed to elapse between the two compression cycles for both experiments. During 
the test run, the resistance of the samples to compression was recorded every 0.01 s. 
Force vs. time deformation plots were obtained with a 5 kg load cell applied and were 
used for the calculation of TPA values. Therefore, the areas under the force-time curve 
were directly proportional to the work performed by the probe during the downstroke and 
by the samples during the upstroke.  
 
The primary parameters of hardness, cohesiveness, springiness and adhesiveness, and 
the secondary (or derived) parameters of fracturability (breaking strength), chewiness and 
gumminess were read and calculated as described by Bourne (1978). The resilience was 
calculated as described in the TA.XT Express manual. For each binomial 
time/temperature analyzed throughout the salt-curing and desalting experiments, average 
values and standard deviations were calculated for each textural parameter.  
 
2.4.2.3 Determination of pH 
The pH is equal to the negative logarithm of the hydrogen ion activity and plays an 
important role in food processing (Adams and Moss 2008). The pH values of cod muscle 
were measured instrumentally by inserting a combined glass electrode (Hanna FC200, 
Hanna 9025 pH, Barcelona, Spain) directly into the cod muscle. The pH measurements 
were made after the pH meter calibration.  
Three measurements (close to the head, in the middle and close to the tail) were tested 
on each fish. Thus, the area tested was always the same in each fish. 
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2.4.2.4 Water activity 
The water activity (aw) represents the ratio of water vapor pressure in any food system to 
the water vapor pressure of pure water at the same temperature. Water activity plays an 
important role in the preservation of food and in the control of microbial growth, especially 
pathogens (Thorarinsdóttir 2010). The water activity of the cod samples was evaluated in 
duplicate using a water activity meter (Rotronic-Hygroskop BT, Rotronic WA-14TH, 
Rotronic Instrument Corp., NY) at 20 ºC. Sub-portions of approximately 20 g of triturated 
muscle were used for each replicate, following the equipment instructions. The relative 
equilibrium humidity in % ERH, which is directly correlated with the water activity, was 
determined in accordance with the following formula: aw = ERH/100 (Thorarinsdóttir 
2010). 
 
2.4.2.5 Weight changes measurement 
The weight changes measurement was performed to allow a better comprehension of the 
mass transfer fluxes during the desalting processes. This determination was done 
throughout the desalting times shown in Table 8. The different shaped cod pieces were 
weighted periodically and used to determine the weight changes evolution during 
desalting. For each binomial time/temperature evaluated, at least two cod cubes (“thicker” 
samples) and generally 4 cod rectangles (“thinner” samples) were weighted.  
 
2.4.2.5.1 Mass balance kinetic equations applied to the desalting operation 
Relative weight changes (ΔMtº), water uptake (ΔMtw), salt loss (ΔMtNaCl), as well as soluble 
protein loss (ΔMtsp) were estimated for both cod pieces (cubes and rectangles), according 
to the equations used by Barat et al. (2004a): 
 
 
 
 
 
 
Being ΔMtº: the total weight changes at time t; ΔMtw: the water weight changes at time t; 
ΔMtNaCl: the NaCl weight changes at time t; ΔMtsp: the soluble protein weight changes at 
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time t; Mtº and Moº: the cod pieces weight (g) at the sampling time t and 0, respectively;  xtw 
and xow: the cod pieces water weight fractions at time t and 0, respectively and xtNaCl and 
xoNaCl: the cod pieces NaCl weight fractions at time t and 0, respectively.  
According to Barat et al. (2004a), the main components that are transferred during the 
desalting process are water, NaCl and soluble proteins (sp). The same authors also 
mentioned that considering the mass balances in the boundaries of the cod samples, the 
total weight changes (ΔMtº) (Eq. 1) will be equal to the sum of the weight changes of the 
water, NaCl, and soluble proteins (ΔMtw, ΔMtNaCl, and ΔMtsp, respectively) (Eq. 2). 
However, the weight changes in soluble protein were very small, with an average value of 
-0.009 ± 0.004 (w/w) (Barat et al. 2004a). As a consequence of this, Barat et al. (2004a) 
considered that the weight changes in soluble protein could be determined from equation 
2, by using the total weight changes and the weight changes in water and NaCl. For this 
reason, the equation 2 was used in the desalting experiments reported in section 2.3 to 
achieve the soluble protein loss (ΔMtsp) during desalting at different temperatures. 
 
2.4.2.6 Turbidity 
Cell viability was evaluated during the desalting run tests by measuring the turbidity (Table 
7). The turbidity of the desalting water was measured using a portable turbidity meter HI 
83749 (Hanna Instruments, USA), after calibration with different turbidity standards (< 0.1, 
15, 100 and 750 NTU). The turbidity meter HI 83749 measures the turbidity of samples 
from 0.00 to 1200 NTU (Nephelometric turbidity units). Moreover, the accuracy of the 
turbidity meter at 25 ºC is ± 2 % of reading plus 0.05 NTU (Hanna 2010a). The desalting 
water samples (10 ml) were placed in appropriate glass vials to read. Then, four 
(occasionally five or six) measurements were done in each sample. As shown in Table 7, 
the turbidity was evaluated in desalting water used to desalt “thicker” and “thinner” cod 
pieces.  
 
2.4.2.7 Refractive index 
The refractive index was measured as a function of the salt concentration of desalting 
water used to desalt both cod pieces analyzed (Table 8). The refractive index was 
evaluated with a precision optical instrument, a portable ABBE refractometer RL3 Poland 
(Maharashtra, India). A small amount of water (similar to a drop of water) was placed with 
a pipette in the refractometer to read. This procedure was done two or three times for 
each binomial time/temperature evaluated. This determination gives a relative and 
dimensionless measure. 
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2.4.3 Microbiological Analyses 
2.4.3.1 Cod samples 
For the raw material (unsalted cod) and for each binomial time/temperature analyzed 
during the salt-curing experiments, two halves of two split fish were used for 
microbiological analyses. A 50 g portion was aseptically taken from six different parts of 
the muscle (from the surface and from the inner zone) of each half of the fishes analyzed. 
The skin and the spines were not removed. Both portions were blended, obtaining 
approximately 100 g. 
 
For each binomial time/temperature evaluated throughout the desalting experiments, two 
shaped cod pieces (cubes and rectangles) were analyzed. A 25 g portion was aseptically 
taken from each piece. Both portions removed were mixed, obtaining 50 g.  
Thus, all microbiological analyses were performed from a composite sample of two 
replicates.  
 
From the mixtures collected in both experiments, 10 g of each initial portion (50 or 100 g) 
were weighed aseptically in a stomacher bag and homogenized (Stomacher Lab-Blender 
400, Seward, London, UK) with 90 g of sterile tryptone-saline solution for 60 s to achieve 
the first dilution. The saline solution was prepared with 1 g/L of tryptone (Merck, 
Darmstadt, Germany) plus 8.5 g/L of NaCl (Panreac, Barcelona, Spain), and pH adjusted 
to 7.0 ± 0.2. However, the saline solution prepared for halophilic bacteria counts had a 
different salt concentration: 200 g/L of NaCl. Therefore, the saline solution was chosen 
according to the amount of salt in the media used for inoculation, as done by Rodrigues et 
al. (2003). In addition, tryptone saline solutions were used not only for the preparation of 
the initial suspension but also to the preparation of the appropriate series of decimal 
dilutions. This was done by adding 1 ml of the fish-tryptone saline solution homogenized 
to 9 ml of tryptone saline solution. This procedure was repeated for as many decimal 
dilutions as required. Generally, ten-fold dilutions to 10-4 and 10-5 were prepared for the 
salt-curing and desalting experiments, respectively. 
 
The microbiological analyses carried out in both experiments are shown in Tables 6 and 
7. 
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Mesophilic and psychrotrophic proteolytic bacteria 
The inoculations of proteolytic bacteria were performed by the spread plating technique. 
Therefore, a volume of 0.1 ml of each dilution was spread onto Standard Methods Agar 
(APHA) (Cultimed, Panreac, Barcelona, Spain) (pH = 7.0 ± 0.2) with added 10 % (w/v) 
Skim Milk Powder (Oxoid, Basingstoke, Hampshire, England) (100 ml of 10 % (w/v) Skim 
milk powder to 1 L of APHA). The plates were incubated at two different conditions: 3 
days at 30 ºC and 10 days at 6.5 ºC for detection and enumeration of mesophilic and 
psychrotrophic proteolytic bacteria, respectively. The proteolytic strains were detected on 
the base of clear zones surrounding the colonies (Kabadjova-Hristova et al. 2006). Thus, 
a characteristic halo was formed by the proteolytic bacteria.  
 
For phenotypic characterization, five colonies of psychrotrophic proteolytic bacteria were 
randomly selected from each plate containing less than 150 colonies. Each colony 
selected was streaked directly onto pre-poured Tryptone soya agar (TSA) (Hi-Media, 
Mumbai, India) (pH at 25 ºC = 7.3 ± 0.2) plates, a non-selective medium. Then, the streak 
plates were incubated at 22 ºC for 24 h to have fresh cultures and well-isolated colonies. 
After incubation, the Gram reaction test (KOH method, Gregersen 1978) was done in the 
colonies selected. To this purpose, each colony selected was stirred in 3 % (w/v) KOH 
(Merck, Darmstadt, Germany). Briefly, if the KOH solution has become viscous, a thread 
of slime follows the inoculation loop. This is called a positive reaction and is seen in Gram-
negative bacteria (Gregersen 1978). 
 
Coagulase-positive Staphylococci 
The inoculations of coagulase-positive Staphylococci were also performed by the spread 
plating technique. In this case, a volume of 0.1 ml of each dilution was spread onto Baird 
Parker Agar Base (HiMedia, Mumbai, India) (pH at 25 ºC = 7.0 ± 0.2) supplemented with 
egg yolk sterile emulsion (HiMedia, Mumbai, India) (50 ml of egg yolk emulsion for 1 L of 
Baird Parker Agar Base) and 3.5 % (w/v) potassium tellurite sterile solution (HiMedia, 
Mumbai, India) (3 ml of 3.5 % (w/v) potassium tellurite sterile solution to 1 L of Baird 
Parker Agar Base). Counts were done after incubation for 2 days at 37 ºC.  
 
Only grey-black shiny and convex colonies with narrow white entire margin surrounded by 
a clear zone with 2 to 5 mm were considered suspicious of being coagulase-positive 
Staphylococcus aureus (HiMedia 2011; Oxoid 2012). The clear zones (haloes) developed 
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around the colonies are produced by proteolytic action (Oxoid 2012) or, according to other 
authors, can be due to lipolytic activity (HiMedia 2011).  
 
Each suspicious colony was then streaked and isolated on Baird-Parker Agar (with the 
supplements referred above) and incubated for 24 to 48 h at 37 ºC. After incubation, the 
identity of Staphylococcus aureus isolated on Baird-Parker Agar was confirmed with a 
coagulase reaction. Thus, a coagulase test (Slidex Staph Plus, bioMérieux, Marcy l’Etoile, 
France) was performed and coagulase positive colonies were considered as positive 
results. 
 
Molds and yeasts 
Molds and yeasts counts were determined using Rose Bengal agar (Sharlau, Barcelona, 
Spain) (pH = 7.2 ± 0.2). A volume of 0.1 ml of each dilution was spread thinly on the 
surface of the Rose Bengal agar plates. Counts were carried out after incubation of not 
inverted plates (the only exception) for 5 days at 25 ºC.  
 
The inoculations of the other microbial analyses (described below) were performed by 
pour-plating method. In these cases, 1 ml of each required dilution was placed in an 
empty sterile plate and then the respective culture medium was poured into the plate. 
Thus, a volume of 1 ml of each dilution was mixed and incorporated into the culture media 
used.  
 
Mesophilic and psychrotrophic total viable bacteria 
Mesophilic and psychrotrophic total viable counts were performed using Standard 
Methods Agar (APHA) (Cultimed, Panreac, Barcelona, Spain) (pH = 7.0 ± 0.2). The plates 
were incubated for 3 days at 30 ºC and for 10 days at 6.5 ºC for detection and 
enumeration of mesophilic and psychrotrophic total viable bacteria, respectively. 
 
Hydrogen sulfide (H2S)-producing bacteria 
A double layer of Iron Marine Agar Lyngby (Microkit, Valdemorillo, Madrid, Spain) (pH = 
7.4 ± 0.2) supplemented with 5 % (w/v) L-cysteine (Sharlau, Barcelona, Spain) (2 ml of 5 
% (w/v) L-cysteine (sterilized by filtration) for 1 L of Iron Marine Agar Lyngby) was used for 
hydrogen sulfide (H2S)-producing bacteria counts. The media was incubated for 5 days at 
25 ºC. Bacteria forming black colonies on this medium were selected as H2S-producing 
phenotypes from cysteine (Magnússon et al. 2006).  
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Mesophilic and psychrotrophic enterobacteria 
A layer of Violet Red Bile Glucose Agar (VRBGA) (Hi-Media, Mumbai, India) (pH at 25 ºC 
= 7.4 ± 0.2) overlaid in another layer of Tryptone soya agar (TSA) (Hi-Media, Mumbai, 
India) (pH at 25 ºC = 7.3 ± 0.2) were used for Enterobacteriaceae counts. These culture 
media were incubated for 3 days at 30 ºC and for 10 days at 6.5 ºC for detection and 
enumeration of mesophilic and psychrotrophic enterobacteria, respectively.  
Further biochemical confirmation of Enterobacteriaceae was performed selecting 
randomly five suspicious colonies, from each plate (VRBGA+TSA) containing less than 
150 colonies. Typical colonies are pink to red-violet, with or without precipitation haloes, or 
are colorless mucoid colonies, with a diameter of 0.5 mm or more (ISO 2004). Each 
colony selected was streaked directly onto pre-poured Tryptone soya agar (TSA) plates. 
The streak plates were incubated for 24 h at 22 ºC to have fresh cultures and well-isolated 
colonies. It has been stated that Enterobacteriaceae are typically Gram negative and 
oxidase negative (Farmer et al. 1981). For this reason, the selected colonies were then 
submitted to the following quick tests: Gram reaction (KOH method, Gregersen 1978), as 
described above and cytochrome oxidase test (Kovaks 1956). For the oxidase test, the 
well-isolated colonies were streaked onto filter paper moistened with oxidase reagent 
(bioMérieux, Marcy l'Etoile, France). A positive test was indicated by the development of a 
dark purple color within 5 seconds and a negative test was indicated by the absence of 
color change (Kovaks 1956). 
When these two tests were negative, the colonies were transferred into tubes pre-poured 
with approximately 3 ml of OF basal medium (Merck, Darmstadt, Germany) (pH at 25 ºC = 
7.1 ± 0.2) supplemented with 10 % (w/v) glucose (Sigma-Aldrich, Munich, Germany) (10 
ml of 10 % (w/v) glucose solution, sterilized by filtration, was added to 100 ml of OF basal 
medium) to determine the metabolism (oxidation, fermentation) of Gram-negative 
bacteria. For each colony, two tubes of solidified medium were inoculated by stabbing. 
After inoculation, a layer of 4 to 5 mm of sterile paraffin oil was added to one of the tubes. 
Then, both tubes were incubated for 48 h or more (if necessary for slow growing bacteria) 
at 22 ºC. When after incubation, a yellow color was developed throughout the contents of 
the two tubes, the reaction was considered positive for O/F glucose test and the strains 
were considered Enterobacteriaceae. More details about the interpretation of the O/F 
glucose test results can be found in Hugh and Leifson 1953. Therefore, to confirm the 
enterobacteria existence on cod samples, the oxidase test, the Gram reaction (KOH) and 
the O/F glucose test were done in suspicious colonies.  
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Halophilic bacteria 
The medium (agar halophilic) used for halophilic bacteria counts was prepared as follows: 
10 g of casein hydrolysate (Merck, Darmstadt, Germany), 10 g of yeast extract (Merck, 
Darmstadt, Germany), 5 g of proteose peptone (Oxoid, Basingstoke, Hampshire, 
England), 3 g of tri-sodium citrate dihydrate (2H2O) (Merck, Darmstadt, Germany), 2 g of 
potassium chloride (Merck, Darmstadt, Germany), 25 g of magnesium sulphate 
heptahydrate (7H2O) (Merck, Darmstadt, Germany), 200 g of sodium chloride (Panreac, 
Barcelona, Spain), 20 g of bacteriological agar (Oxoid, Basingstoke, Hampshire, 
England), 1 L of distilled water, and pH adjusted to 7.2 (APHA 1992). The plates were 
incubated for 30 days at 30 ºC. 
 
Microbiological analyses 
Generally, the culture media were prepared according to the manufacturer's instructions. 
All aqueous solutions were prepared using Milli-Q purified water (Millipore). The pH 
determination of the media was done at room temperature, using a pH meter (Hanna 
FC200, Hanna 9025 pH, Barcelona, Spain), before its sterilization. 
 
Furthermore, the absence of contaminant growth on plates was monitored. To this 
purpose, one plate with each one of the media used was always incubated without 
inoculation (witness plate) during all the microbiological analyses made. For some 
microbial groups studied, one plate was always incubated with control strains (typical 
colonies) to have isolated colonies to compare with our results (Table 9). The incubation 
conditions of these plates (witness and control plates) were the same referred above for 
each group. 
 
Table 9 - Strains used in control plates. 
 
Microbiological analyses Negative control Positive control 
Mesophilic proteolytic bacteria --- Pseudomonas putida 
Coagulase-positive Staphylococci Escherichia coli Staphylococcus aureus 
Mesophilic enterobacteria Staphylococcus aureus Escherichia coli 
Halophilic bacteria --- Halobacterium salinarium 
 
Microbiological counts were expressed as the logarithm of the colony forming units per 
gram of sample (log CFU/g). All results are presented as an average values (± standard 
deviations) between consecutive dilutions.  
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McMeekin et al. (1993), as pointed out by Arashisar et al. (2004) reported that usually a 
“specified reactive level” should be used to show unacceptable levels in food products. 
Therefore, a horizontal line was used in each figure to show these spoilage levels in the 
present study. 
 
2.4.3.2 Desalting water  
The initial suspension was the desalting water. The tryptone saline solution (0.85 % NaCl 
and 0.1 % tryptone, pH = 7.0 ± 0.2) was used for the preparation of the decimal dilutions. 
As shown in Table 7, only the mesophilic and psychrotrophic total viable counts were 
assessed in desalting water, as referred above for cod samples.  
 
2.4.4 Sensory analysis 
The sensory tests were done in a sensory panel laboratory equipped with 5 individual 
booths and controlled lighting (fig. 15), according to ISO 8589 (ISO 2007). Additionally, 
the sample preparation was carried out in a separate area. Depending on the experiments 
performed (Tables 6 and 7), the samples were prepared differently.  
  
 
 
Figure 15 - a) Sensory panel laboratory of IPMA, I.P. b) one individual booth. 
 
The sensory evaluation was done by an experienced panel of 5 and 7 assessors (of both 
sexes) selected from the seafood panel of the INRB, I.P./IPIMAR, for salt-curing and 
desalting experiments, respectively. All of them had experience in fish quality control and 
were familiar with salted and desalted cod quality assessment, since they had previously 
taken part in sensory evaluation of these cod products. Moreover, they were trained in the 
use of scales and in the development and use of descriptors. Before evaluating the 
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samples, the panelists were informed of the procedure (e.g. the scale to be used) and 
lexicon. 
 
For each binomial time/temperature analyzed during the salt-curing experiments, the 
panel evaluated two halves of two fish. Moreover, two halves of two unsalted cod (raw 
material) were also evaluated before pickle-salting. To this purpose, the split fishes were 
cut along the central line. The different samples were placed in trays at room temperature 
and each panelist evaluated them in a random order. 
 
Furthermore, a sensory test was performed to assess cooked samples of desalted cod 
after 72 h of desalting at different temperatures (Table 7). However, we only analyzed the 
“thicker” cod pieces due to the consumer’s preference for pieces from the loin part but 
also to reduce the influence of the thickness. It is known that the perception of the texture 
on the mouth and the chips formation in fish are influenced by thickness. In addition, the 
sensory evaluation was only made after 72 h of desalting because this procedure 
represents a common practice in Portuguese companies and allows an almost maximum 
rehydration of the cod samples. For these reasons, this desalting time was considered 
adequate for carrying out the process. 
Desalted samples (n = 21) were wrapped individually in aluminum foil and were placed in 
coded dishes with random numbers. Then, the samples were steam-cooked for 10 min at 
95 ºC to 100 ºC in a pre-warmed oven (Combi-Master CM64, Rational, Lund, Sweden) 
with air circulation. After being cooked, the pieces were given still wrapped to the panelists 
to keep the samples warm and to retain the aroma. Each assessor received three plates 
with 3 samples of cooked desalted cod (desalted at 5, 10 and 15 ºC) sequentially in a 
random order. Assessors rinsed their mouths with de-ionized water before and between 
samples to reduce the effects of residual flavor in the mouth. 
 
Salted cod was assessed by its odor (fresh (characteristic of these products) or not 
characteristic (changed)), color (white or cream), mucus and brightness (Table 6). Cooked 
desalted cod was assessed by fresh taste (characteristic of these products), salt taste, 
fresh odor (characteristic of these products), “off”-flavors (not characteristic of these 
products), color (white), discoloration (cream color) and texture (chips formation, firmness 
and juiciness) (Table 7). These sensory attributes were selected because they have been 
considered as being the most representative and important for the industry and for 
consumers (Rodrigues et al. 2005). As referred above, it has been reported that the 
texture and taste are the most important parameters for sensory ranking of cooked 
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samples of desalted cod among consumers familiar with traditionally desalted cod (Barat 
et al. 2006). 
 
The panelists also gave an acceptance score to the different desalted cod samples 
analyzed, going from 0 (dislike very much) to 12 (like very much). 
 
For both experiments, the intensity of the attributes evaluated was scored on a 12 cm 
unstructured line scale, going from 0 (absent) to 12 (high intensity) (fig. 16).  
 
Muito 
intensa 
Ausente 
 
 
 
 
Figure 16 – Unstructured line scale (cm) used to measure the intensity of the attributes evaluated 
in sensory analysis. 
 
The mean values and standard deviations of each attribute assessed throughout the salt-
curing experiments were obtained by the results of the 5 assessors. For desalting 
experiments, the mean values and standard deviations were calculated from the seven 
scores per treatment (temperature) obtained for each attribute. 
 
2.5 Statistical analysis 
Statistical analysis was performed with the computer program STATISTICA version 7.0 
(StatSoft. Inc. Tulsa, OK, USA), in order to investigate the influence of the different 
variables studied in both experiments on the quality parameters (chemical, physical, 
microbiological and sensory) of the products analyzed. Temperature and time of salt-
curing were the factors considered for the salt-curing experiments. Desalting water 
temperature, desalting time and thickness of the samples were the variables considered 
for both desalting experiments studied.  
Analysis of variance (one-way ANOVA and factorial ANOVA), Tukey´s multiple 
comparison test and Spearman and Pearson correlations were used to analyze the data. 
Differences between means were considered significant at p < 0.05 for all analyses. 
Normality and homogeneity of variance tests were carried out. Homogeneity of variance 
was checked by Levene`s test and by Cochran C, Hartley Bartlett test. Therefore, data 
analysis followed standard statistical procedures (Zar 1999). 
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3.1 Quality changes during salt-curing of cod  
3.1.1 Chemical composition 
3.1.1.1 Raw material (unsalted cod) 
The chemical characterization of the raw material (unsalted cod) is presented in Table 10. 
The muscle of the unsalted cod was mostly composed by water (approximately 81 %), as 
expected and observed by other authors (Waterman 2001; Aas et al. 2010; Brás and 
Costa 2010; Gudjónsdóttir et al. 2010). Additionally, Thorarinsdóttir et al. (2010, 2011b) 
also reported similar amount of water (81.7 and 81.8 %, respectively) in fresh fish. 
Before processing, the salt and ash contents found in raw defrosted cod were very low 
(Table 10). Moreover, salt, ash and protein contents obtained in raw material were within 
the ranges shown by Waterman (2001). The raw material also exhibited a protein content 
within the range defined in CE (2010), which is 16 % to 18 %. Nettleton (1985), as pointed 
out by Lauritzsen (2004) also referred that the protein content of the muscle tissue is very 
large and the quality of this protein is very high. Furthermore, Lauritzsen (2004) 
mentioned that the protein and water contents represent approximately 99 % of the cod 
muscle, as observed in Table 10.  
 
Table 10 - Chemical parameters obtained in the raw material. Results represent average values ± 
standard deviations.  
 
 
Chemical Parameter 
 
Raw material 
 
Moisture (%) 
 
81.19 ± 0.95 
NaCl (%) 0.011 ± 0.015 
Ash (%) 1.28 ± 0.13 
Protein (%) 17.16 ± 1.12 
Free fat (%) 0.57 ± 0.00 
Free amino acids (mg N/100 g) 63.86 ± 2.63 
TVB-N (mg N/100 g) 8.91 ± 0.13 
TBA (mg malonic aldehyde/1000 g) 0.17 ± 0.022 
 
The lipid content of the body musculature can be considered negligible because 
represented less than 1 % of the muscle wet weight (Table 10). So, the Atlantic cod 
analyzed in the current study can be classified as a lean species, as had been mentioned 
by other authors (Bogucki and Trzesinski 1950; Kjesbu et al. 1991; Lambert and Dutil 
1997; Barat et al. 2004c). Furthermore, it has been demonstrated that the fat content 
Results and Discussion 
74	  
	  
found in cod varied from less than 0.15 % in the autumn to higher than 0.35 % in the late 
spring (Ingolfsdóttir et al. 1998). Thus, unsalted cod used in this work seems to be an 
interesting product due to its high nutritional value (high protein content and low fat 
content) (Table 10). 
 
A TVB-N content exceeding 35 mg N/100 g flesh of a gadoid species indicates that an 
unprocessed fishery product is unfit for human consumption (EC regulation no. 2074 from 
2005). In the raw material, the TVB-N value was approximately 9 mg N/100 g (Table 10). 
Therefore, this value is below the limit considered in EC regulation no. 2074 (2005) and 
also in CE (2010) (< 25 mg N/100 g) for TVB-N. Also, Gudjónsdóttir et al. (2010) and 
Jónsdóttir et al. (2011) registered similar TVB-N values (12.8 and 13.0 mg N/100g, 
respectively) in the raw material before salting. Additionally, the TBA value (indicator of 
lipid oxidation) observed in unsalted cod samples (see Table 10) was below the range 
referred by Connell (1975) (1-2 mg malonic aldehyde/kg of sample) from which the fish 
can present rancid flavor and odor. Furthermore, the free amino acids content found in 
unsalted cod samples (see Table 10) was also below the limit considered for acceptability 
in fresh cod, which is < 85 mg N/100 g (CE 2010). Other values of free amino acids, to 
compare with the results shown in the current work, were not obtained in fresh cod. Some 
authors demonstrated, however, that proteolysis was not of major importance in spoilage 
of fresh fish. According to these authors, proteolysis becomes evident in the later stages 
of spoilage, which appears to be due to derepression as the amino acids are utilized 
(Lerke et al. (1967) as pointed out by Lauzon (2010)). Moreover, Bramstedt (1962), as 
pointed out by Antoine et al. (2001) also observed that the pattern of free amino acids in 
fish was different for each species.  
According to the TVB-N, TBA and free amino acids contents, the raw material used in the 
current work can be considered a product of high quality. 
  
3.1.1.2. Wet salted cod products 
 
Water, salt and ash contents 
Normally, the chemical content found in unsalted cod samples was significantly different 
from those observed in salt-cured products (p < 0.05). After 14 days of pickle-salting, a 
significant decrease of the water content and a significant increase of the salt uptake were 
obtained in cod samples (p = 0.00015 in both cases), as expected (Thorarinsdóttir et al. 
2002; Barat et al. 2003) (Table 10 and fig. 17). According to Barat et al. (2003), diffusion is 
said to be the most important mass transfer mechanism responsible for sodium and 
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chloride transport. Solutes (NaCl) diffuse from salt solution (pickle) and water diffuses out 
of the fish, due to the differences in concentration and osmotic pressures among inter-
cells (muscle) and salting agent (pickle) (Raoult-Wack 1994; Barat et al. 2003). Moreover, 
this dehydration has been explained by a loss of WHC of the myofibrils due to salting-out 
of proteins (Duerr and Dyer 1952; Offer and Trinick 1983; Thorarinsdóttir et al. 2011b). 
 
Generally, the water content found in samples salt-cured at different temperatures was 
stable (around 58.5 %) throughout the storage time and was within a normal range 
observed for ripe salt-cured cod products (Andrés et al. 2005b; Thorarinsdóttir et al. 2010; 
Jónsdóttir et al. 2011). Only samples salt-cured at 18 ºC after 76 days had a significant 
lower water content (56.0 %) compared to the other salt-cured samples analyzed (p ≤ 
0.0024) (fig. 17A). According to Thorarinsdóttir et al. (2010), changes in water content 
showed the relative proportion of water in the muscle at each stage of the process. They 
also reported that this proportion is influenced by alterations in both protein and salt 
content (Thorarinsdóttir et al. 2010). 
 
The salt content obtained in samples salt-cured at different temperatures during 76 days 
ranged from 18.4 to 19.8 %. This indicates that all samples were fully saturated with salt. 
Therefore, the salt content found in these samples was also practically stable during the 
salt-curing processes and were within the permitted legislation values for wet salted cod 
(IPCP-2 1991) (fig. 17B). Lauritzsen et al. (2004b) mentioned a similar range of 18.4 to 
20.0 % salt content in wet salted cod. Furthermore, Rodrigues et al. (2003) and Barat et 
al. (2006) also reported a salt content of 18.5 % in wet salted cod, a value within the range 
found in this study. Additionally, samples salt-cured at 18 ºC after 76 days were saltier 
than samples salt-cured at 6 ºC and at 12 ºC after 76 days (p = 0.00017 and p = 0.00027, 
respectively) (fig 17B). It has been stated that the range of salt content depends on the 
loss of water and salt soluble components from the fish flesh during salt-curing (Andrés et 
al. 2005b; Barat et al. 2006). Colavita et al. (2003) also referred that the lower the water 
content of the products, the higher is the NaCl concentration. 
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Figure 17 – (A) Moisture and (B) salt (NaCl) contents (%) obtained in samples salt-cured at 
different temperatures during 76 days. Results represent average values ± standard deviations. 
 
In addition, changes in salt content were negatively correlated to changes in water content 
of the cod muscles (unsalted and salted) (Table 11), which is in agreement with a 
previous study (Thorarinsdóttir et al. 2010). 
(A) 
(B) 
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As expected by the results of Brás and Costa (2010), positive, significant (p < 0.05) and 
strong correlations between salt (NaCl) and ash content found in cod samples (unsalted 
samples and samples salt-cured at different temperatures for 76 days) were also obtained 
for all temperatures (r = 0.999; Table 11). For this reason, the ash content observed 
during salt-curing at different temperatures for 76 days was not shown. 
 
Table 11 - Pearson´s correlation coefficient (r) and p values obtained from the relation of salt 
content (NaCl) and moisture or ash content found in cod samples (unsalted samples and samples 
salt-cured at different temperatures for 76 days).  
 
 
Correlations 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
    
Moisture vs NaCl  r = - 0.999; p = 0.000 r = - 0.998; p = 0.000 r = - 0.995; p = 0.000 
NaCl vs ash r = 0.999; p = 0.000 r = 0.999; p = 0.000 r = 0.999; p = 0.000 
 
Protein and free fat contents 
Measurements of protein and free fat contents (%) found in samples salt-cured at different 
temperatures after 76 days can be observed in Table 12. The protein content obtained in 
samples salt-cured at different temperatures (6, 12 and 18 ºC) after 76 days was 
significantly higher than the protein content found in unsalted cod samples (p = 0.00016 in 
both cases), as expected. Due to the leaching of some water the protein content 
increased during salt-curing. Thorarinsdóttir (2010) also reported that the protein content 
increased from 18 % in the fresh fillet to 21 % in the salted fillets, similar contents to those 
found in the current study (Tables 10 and 12). Additionally, this author also mentioned that 
the main changes in protein content during salting were due to changes in the mass of 
water and salt in the muscle (Thorarinsdóttir 2010).  
 
The protein content observed in both salt-cured samples is in accordance with previous 
works (Bjørkevoll et al. 2008; Aas et al. 2010). Furthermore, samples salt-cured at 18 ºC 
after 76 days presented a significantly higher protein content than samples salt-cured at 6 
ºC and at 12 ºC after 76 days (p = 0.024 and p = 0.048, respectively) (Table 12). Such 
differences probably were related to the lower water content found in samples salt-cured 
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at 18 ºC after 76 days. This hypothesis is supported by Lauritzsen (2004), who reported 
that the protein and water contents obtained in cod samples are usually inversely related.  
 
Table 12 - Protein (%), free fat (%), total volatile basic nitrogen (TVB-N) (mg N/100 g of sample) 
and thiobarbituric acid index (TBA) (mg malonic aldehyde/1000 g of sample) contents obtained in 
samples salt-cured at different temperatures after 76 days. Results represent average values ± 
standard deviations. 
 
 
T (ºC) 
 
Chemical parameter 
 Protein (%) Free fat (%) TVB-N 
(mg N/100 g) 
TBA 
(mg malonic 
aldehyde/1000 g) 
6 19.92 ± 0.00a 0.26 ± 0.09a 17.59 ± 3.02a 0.86 ± 0.16b 
12 20.16 ± 0.83a 0.41 ± 0.18a 56.75 ± 2.60b 0.62 ± 0.00a 
18 21.39 ± 0.15b 0.92 ± 0.27b 146.10 ± 2.45c 0.67 ± 0.02a,b 
 
For each chemical parameter, different lowercase superscript letters indicate significant differences between 
temperatures (p < 0.05). 
 
As noted in the raw material, the free fat content observed in cod muscles of samples salt-
cured at different temperatures after 76 days was below 1 % and thus can be considered 
negligible, as also stated by Barat et al. (2004c) (Table 12). Hence, the Atlantic cod can 
be considered again as a lean species. Furthermore, differences between the free fat 
content found in unsalted cod samples and this content obtained in samples salt-cured at 
different temperatures after 76 days were only significant for samples salt-cured at 18 ºC 
(p = 0.00028). Due to the leaching of some water the free fat content increased slightly 
during salt-curing at 18 ºC. The samples salt-cured at 18 ºC after 76 days also showed a 
free fat value significantly higher than the free fat values found in samples salt-cured at 6 
ºC and at 12 ºC after 76 days (p = 0.015 and p = 0.043, respectively) (Table 12). This 
result was expected due to the lower water content found in samples salt-cured at 18 ºC 
after 76 days. 
 
Thiobarbituric acid index (TBA) content 
The initial TBA value found in raw defrosted cod (before salting) was lower than the TBA 
values obtained in samples after salt-curing for 76 days (Tables 10 and 12). Therefore, a 
significant increase of the TBA values was observed in samples salt-cured at different 
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temperatures after 76 days (p < 0.0002). For this reason, it seems that the pickle-salting 
and/or the salt-curing processes can increase the fat oxidation. Lauritzsen et al. (1999) 
also mentioned that some methods of preservation, such as salting, may reduce the 
acceptability of cod products due to lipid oxidation.  
 
The TBA value found in samples salt-cured at 6 ºC after 76 days was slightly higher than 
the TBA value observed in samples salt-cured at 12 ºC after 76 days (p = 0.043, 
respectively). However, the TBA values of samples salt-cured at different temperatures 
after 76 days were lower than 1 mg of malonic aldehyde per kg of sample (Table 12). 
Therefore, these values were below the range referred by Connell (1975) (1-2 mg malonic 
aldehyde/kg of sample) from which the fish can present rancid flavor and odor. So, the 
TBA values presented in Table 12 did not show lipid alteration. Although, it seems that the 
TBA test, commonly used in the determination of rancidity in fish products, may not be 
considered a good quality criterion for salt-cured cod under the conditions evaluated in 
this study. 
 
Total volatile basic nitrogen (TVB-N) and free amino acids contents 
The non-protein nitrogen (NPN) fraction of the fish flesh consists of water-soluble, low 
molecular weight, nitrogen-containing compounds of a non-protein nature. This NPN-
fraction constitutes from 9 % to 18 % of the total nitrogen in teleosts (FAO 2013) and 
contains free amino acids, small peptides, trimethylamine oxide, (TMAO), trimethylamine 
(TMA), ammonia, creatine, creatinine, nucleotides and low molecular weight organic 
compounds from the muscular plasma (Thorarinsdóttir 2010; FAO 2013). Moreover, it has 
been stated that the ratio of NPN in gadoids is generally in the range of 7 % to 14 % of the 
total nitrogen (Thorarinsdóttir 2010; Thorarinsdóttir et al. 2010). Despite their low levels, 
the constituents of the NPN fraction play a major role in fish quality (FAO 2013). In 
addition, Gram and Huss (1996) pointed out that the presence of large amounts of NPN 
influences the microbiology and spoilage. For this reason, the free amino acids and the 
total volatile basic nitrogen (TVB-N) contents, chemical indices of spoilage, were 
assessed in samples salt-cured at different temperatures (Table 12 and fig. 18).  
 
TVB-N content is an alternative to measuring trimethylamine (TMA), and includes 
ammonia, dimethylamine (DMA) and TMA (Lauzon et al. 2010). The TVB-N content 
observed in samples salt-cured at different temperatures after 76 days was significantly 
higher than the TVB-N content found in unsalted cod samples (p ≤ 0.0014), as expected 
(Tables 10 and 12). Such differences were also ascribed to the loss of some water 
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observed during salt-curing. Therefore, it seems that the pickle-salting and/or the salt-
curing processes can also change significantly the TVB-N values found in unsalted cod. 
Jónsdóttir et al. (2011) showed that the TVB-N values increased after salting, ranging 
from 14.1 ± 0.8 to 17.1 ± 0.4 mg N/100 g, depending on the salting process applied to 
samples. These values are similar to the values found in samples salt-cured at 6 ºC after 
76 days. Thus, Jónsdóttir et al. (2011) probably performed the salting processes at low 
temperatures.  
 
According to the TVB-N content, samples salt-cured at different temperatures after 76 
days were significantly different from each other (p = 0.00023 in both cases). The lower 
TVB-N levels were found in products salt-cured at 6 ºC and the higher TVB-N levels in 
products salt-cured at 18 ºC (Table 12). Srikar et al. (1993) also pointed out that storage 
at higher temperatures accelerates the rate of TVB-N production in dry, wet and mixed-
salted fish. Therefore, the TVB-N values at ambient temperature-stored products were 
higher than that at lower temperature (2.5 ºC) (Srikar et al. 1993). Moreover, the TVB-N 
content observed in samples salt-cured at 12 ºC and at 18 ºC in the end of storage 
surpassed 35 mg N/100 g. As already referred, a TVB-N content exceeding 35 mg N/100 
g flesh of a gadoid species indicates that an unprocessed fishery product is unfit for 
human consumption (EC regulation No 2074 from 2005). The same limit was also 
reported for traditional salt-curing cod (dried salted cod) (CE 2010). Taking this criterion 
into account for wet salted cod, samples salt-cured at 12 ºC and at 18 ºC were unfit for 
human consumption. So, the high TVB-N levels found in samples salt-cured at 18 ºC after 
76 days can reflect a product that was spoiled and probably had high bacterial numbers. 
 
The free amino acids content is commonly used as proteolysis indicator. Proteolysis is the 
hydrolysis of muscle proteins into peptides and amino acids by cleavage of their peptide 
bonds (by proteolytic enzymes). Thus, proteolysis results in the formation of amino acids 
and, consequently in an increase of total nitrogen content. Therefore, an increase of 
amino acids indicates the extent of protein hydrolysis (Yongsawatdigul et al. 2004).  
 
The free amino acids value found in unsalted cod samples was significantly lower than the 
free amino acids values obtained in samples salt-cured at different temperatures during 
76 days (p = 0.00015 in both cases). Such differences were also related to the leaching of 
some water observed during the pickle-salting and salt-curing processes. Hence, these 
processes influenced significantly the free amino acids values found in unsalted cod, as 
expected. Additionally, the free amino acid content obtained in samples salt-cured after 0 
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days was below the acceptability limit considered for wet salted cod, which is < 85 mg/100 
g (CE 2010) (fig. 18). 
 
 
 
Figure 18 - Free amino acids content (mg N/100 g of sample) obtained in samples salt-cured at 
different temperatures (6, 12 and 18 ºC) during 76 days. Results represent average values ± 
standard deviations. 
 
In what concerns the content of this nitrogenous compound, significant differences 
between storage times were not found during salt-curing at 6 ºC and during salt-curing at 
12 ºC until 31 days (p > 0.05). In addition, a significant increase of free amino acids 
content (10.5 mg N/100 g) was obtained between 31 and 76 days of salt-curing at 12 ºC 
(p = 0.00062) (fig. 18). Moreover, the free amino acids content increased significantly 
during salt-curing at 18 ºC after 7 days (p ≤ 0.0017), being the greatest increase (74.36 
mg N/100 g) observed between 31 and 76 days (fig. 18). The value found in samples salt-
cured at 18 ºC after 76 days (140.8 mg N/100 g) was significantly higher than the values 
obtained in the other samples analyzed (p = 0.00014) (fig. 18). This was the only value 
that exceeded the limit considered for acceptability in dried cod, which is < 125 mg N/100 
g (Ferreira 1953). Such highest value was also above the range of free amino acids (95 to 
120 mg N/100 g) recently defined for traditional salt-curing cod (CE 2010). Thus, the 
protein hydrolysis (proteolysis) and, consequently, the formation of free amino acids were 
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low in samples salt-cured at 6 ºC and at 12 ºC throughout 76 days and were elevated in 
samples salt-cured at 18 ºC after 76 days.  
Therefore, at some point the salt-curing processes performed at 12 ºC and at 18 ºC 
changed significantly the free amino acids values found in samples salt-cured at 0 days 
(fig. 18). Thorarinsdóttir (2010) also mentioned that the ratio of NPN in gadoids is 
influenced by the handling and processing methods of fish. This statement is also valid for 
TVB-N results found in samples salt-cured at 12 ºC and at 18 ºC after 76 days. 
Additionally, Gudmundsdóttir (1995), as pointed out by Thorarinsdóttir (2010), also 
observed that the levels of free amino acids and peptides rise, due to the proteolytic 
degradation of proteins, during curing. Moreover, Di Luccia et al. (2005) reported a 
presence of newly-formed protein bands in salted cod suggested a proteolytic activity 
during salting. The same authors also stated that the fragmentation of denatured protein 
by proteolytic systems is due to free radicals or pro-oxidants such as salts and in the case 
of muscle proteins endogenous enzyme action also should be considered (Di Luccia et al. 
2005). 
 
Taking into account the free amino acids values, differences between storage 
temperatures appeared after 31 days of salt-curing. At this time, the free amino acids 
value found in samples salt-cured at 18 ºC was significantly higher than the free amino 
acids values observed in samples salt-cured at 6 ºC and at 12 ºC (p = 0.00014 and p = 
0.00015, respectively). Furthermore, the values of free amino acids obtained in samples 
salt-cured at different temperatures (6, 12 and 18 ºC) after 76 days were all significantly 
different from each other (p ≤ 0.00023) (fig. 18). Such differences can be related to the 
greatest number of halophilic bacteria (responsible for maturation and also for “pink”) 
observed in samples salt-cured at 18 ºC than in samples salt-cured at 6 ºC and at 12 ºC 
after 31 and 76 days (see below section 3.1.3). Moreover, the higher number of 
mesophilic proteolytic bacteria found in samples salt-cured at 18 ºC than in samples salt-
cured at 6 ºC and at 12 ºC after 31 days (see below section 3.1.3) may also have 
influenced the differences of free amino acids values observed between storage 
temperatures after 31 days. Other authors reported that the red-halophilic bacteria are 
strongly proteolytic and degrade fish proteins (Gram and Huss 1996; Aas et al. 2010). As 
a consequence, more free amino acids can be released in samples salt-cured at higher 
temperature than in the other samples salt-cured at 6 ºC and at 12 ºC after 76 days. 
Jónsdóttir et al. (2011) also reported that microbial and enzymatic degradation during 
salting also changes the accessibility to nutritious compounds such as peptides and free 
amino acids and bacterial growth. 
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It has been referred that the increased supply of amino acids to the NPN pool resulting 
from proteolysis supports greater production of ammonia and volatile acids in the later 
stages of spoilage (Liston (1982) as pointed out by Lauzon (2010)). In addition, Lauzon 
(2010) also stated that amino acids are important bacterial substrates for the formation of 
sulphides and ammonia. Thus, it seems that the high TVB-N content found in samples 
salt-cured at 12 ºC and at 18 ºC after 76 days was influenced by the high free amino acids 
content obtained in these samples. Jónsdóttir et al. (2011) also reported that derivatives 
from protein degradation also contribute to TVB-N. 
 
Concluding, the pattern of free amino acids was influenced by storage temperature. 
Additionally, the most intense proteolytic breakdown and the subsequent increase of the 
degree of protein hydrolysis (proteolysis) took place when higher temperatures were used 
during the salt-curing stage.  
 
3.1.2 Physical analyses 
3.1.2.1 Water activity (aw) 
The water activity (aw) observed in all samples analyzed can be observed in Table 13. 
 
Table 13 – Water activity (aw) found in unsalted cod samples and in samples salt-cured at different 
temperatures (6, 12 and 18 ºC) during 76 days. Results represent average values ± standard 
deviations. 
 
Samples evaluated 
 
Storage temperature 
 
6 ºC 
 
12 ºC 
 
18 ºC 
 
Unsalted cod 
 
0.95 ± 0.004e 
 
0.95 ± 0.004e 
 
0.95 ± 0.004e 
Pickle-salted cod 0.73 ± 0.001a 0.73 ± 0.001a 0.73 ± 0.001a 
Salt-cured cod after 7 days 0.74 ± 0.003a,b 0.73 ± 0.002a 0.73 ± 0.002a 
Salt-cured cod after 31 days 0.74 ± 0.006b 0.77 ± 0.002c 0.77 ± 0.004c 
Salt-cured cod after 76 days 0.78 ± 0.001c 0.77 ± 0.005c 0.78 ± 0.005c 
 
Homogeneous sample groups, according to ANOVA test, have the same letter superscript. 
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According to the Table 13, the higher aw value was observed in unsalted cod samples, as 
expected. Heredia et al. (2007) also found a similar value (0.98) in raw cod. It has been 
stated that most microorganisms grow well at aw of 0.91 to 0.99 (Penn State 2012). After 
pickle-salting, the aw value obtained in salted cod samples decreased significantly (p = 
0.00015). During salt-curing, a slight increase of the aw values was observed in samples 
salt-cured at 6 ºC between 31 and 76 days (p = 0.00015) and in samples salt-cured at 12 
ºC and at 18 ºC between 7 and 31 days (p = 0.00015 in both cases). Adams and Moss 
(2008) reported that once microorganisms have started to grow and become 
physiologically active they usually produce water as an end product of respiration and, 
consequently, they increase the aw of their own immediate environment. So, the high 
growth of halophilic bacteria found in samples salt-cured at 6 ºC after 76 days and in 
samples salt-cured at 12 ºC and at 18 ºC after 31 and 76 days can have influenced the aw 
values observed in these samples (see section 3.1.3). Moreover, the only significant 
differences found between storage temperatures that occurred after 31 days of salt-curing 
(Table 13, p =0.00015 in both cases) perhaps can be explained by the lower number of 
halophilic bacteria found in samples salt-cured at 6 ºC after 31 days compared to those 
number observed in samples salt-cured at 12 ºC and at 18 ºC after 31 days (p = 0.00015 
in both cases, Table 13). On the other hand, the slight water gain observed during storage 
can also be related to a possible ambient relative humidity higher than the aw found in salt-
cured samples. As a consequence, samples with higher aw values can have absorbed 
water.  
However, all aw values found in samples salt-cured at different temperatures were close to 
the value of 0.75 reported by Andrés et al. (2005b) and Heredia et al. (2007) for salted 
cod, and never reached 0.80. Adams and Moss (2008) also referred that the minimum 
water activities at which active growth can occur is 0.97 for most Gram-negative bacteria, 
0.90 for most Gram-positive bacteria, 0.88 for most yeast, 0.80 for most filamentous fungi, 
0.75 for halophilic bacteria and 0.61 for xerophilic fungi. Thus, foods with an aw between 
0.85 and 0.6 inhibits the growth of Gram-negative bacteria as well as a large number of 
Gram-positives, yeasts and molds, giving the products an extended shelf life at ambient 
temperature. But, in correctly stored products, growth of xerophilic molds, osmophilic 
yeasts or halophilic bacteria may occur, depending on the product (Adams and Moss 
2008). So, and according to the Table 13, it was expected to find halophilic bacteria in 
some salt-cured samples. Additionally, Adams and Moss (2008) also mentioned that the 
exact range of water activities allowing growth is influenced by nutritional conditions and 
other physico-chemical parameters such as pH.  
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3.1.2.2 pH measurements 
The pH value found in unsalted cod samples (6.42, Table 14) was similar to the pH values 
(6.54 to 6.65) observed in fresh cod muscle in other studies (Lauritzsen et al. 1999, 
2004a).  
 
Taking into account the Table 14, pickling decreased significantly the pH values found in 
fresh cod (p = 0.00015). This decrease is due to protein aggregation and dehydration of 
the muscle. Other authors also showed that the pH of the muscle declined during salting 
(Lauritzsen et al. 1999; Jónsdóttir et al. 2011).  
 
Table 14 – pH measured in unsalted cod samples and in samples salt-cured at different 
temperatures (6, 12 and 18 ºC) during 76 days. Results represent average values ± standard 
deviations. 
 
Samples evaluated 
 
Storage temperature 
 
6 ºC 
 
12 ºC 
 
18 ºC 
 
Unsalted cod 
 
6.42 ± 0.05e 
 
6.42 ± 0.05e 
 
6.42 ± 0.05e 
Pickle-salted cod 5.43 ± 0.27a,b 5.43 ± 0.27a,b 5.43 ± 0.27a,b 
Salt-cured cod after 7 days 5.39 ± 0.02a,b 5.38 ± 0.01a 5.38 ± 0.02a 
Salt-cured cod after 31 days 5.66 ± 0.03a,b,c 5.63 ± 0.00a,b,c 5.78 ± 0.10b.c,d 
Salt-cured cod after 76 days 5.85 ± 0.10c,d 6.16 ± 0.11d,e 7.38 ± 0.01f 
 
Different lowercase superscript letters indicate significant differences between samples and between 
temperatures (p < 0.05). 
 
The pH value was considered by Lauritzsen et al. (2004a) of major importance for the 
quality of salt-cured cod products. In this study, the pH values of salt-cured samples 
ranged from 5.38 to 7.38. Aas et al. (2010) also reported that the pH measured in salted 
cod samples stored at 4 ºC or at interrupted chilled storage (4 ºC) by exposure to 20 ºC 
ranged from 5.8 to 6.1 throughout the entire storage period. Pedro et al. (2004) also 
observed a similar pH range from 5.7 to 6.5 in salted cod. 
 
In the first 7 days of salt-curing at different temperatures, the pH remained stable in salt-
cured samples (p = 1.00). Then, the pH values start to increase (slightly at 6 ºC), reaching 
the higher values after 76 days. At this time, significant differences between storage 
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temperatures were found between the pH observed in samples salt-cured at 18 ºC and 
the pH found in samples salt-cured at 6 ºC and at 12 ºC (p = 0.00015 in both cases). The 
highest value obtained in samples salt-cured at 18 ºC after 76 days was also significantly 
different from the other pH values obtained (p = 0.00015, Table 14). 
 
It has been stated that low pH values restrict microbial growth and bacteria grow fastest in 
the pH range 6.0-8.0 (Adams and Moss 2008). Taking this range into account, all the pH 
values found during salt-curing at 6 ºC were below 6.0. Only samples salt-cured at 12 ºC 
and at 18 ºC after 76 days exhibited pH values within that range (Table 14). Therefore, 
these two high values found in samples salt-cured at 12 ºC and at 18 ºC after 76 days 
probably may be related to the high number of halophilic bacteria observed in these 
samples (see below section 3.1.3) and can reflected products with low quality. Moreover, 
positive, strong and significant correlations (p < 0.05) between the number of halophilic 
bacteria and pH values obtained in samples salt-cured during 76 days was observed for 
all temperatures (Table 15). So, it seems that the pH values increased almost directly 
proportional to the number of halophilic bacteria found in samples salt-cured at different 
temperatures for 76 days. Furthermore, the high TVB-N values observed in samples salt-
cured at 12 ºC and at 18 ºC after 76 days may also have influenced the pH values 
obtained in those samples. Pedro et al. (2004) also showed that the higher pH value (6.5) 
was evaluated in a sample presenting high levels of indicators. Furthermore, Herland et 
al. (2007) also reported that the pH increase might be related to formation of basic 
metabolites from microbial growth and degradation of muscle tissue.  
 
Table 15 - p and r values obtained from the relation of halophilic bacteria counts and pH values 
obtained in samples salt-cured at different temperatures for 76 days (r = Pearson’s correlation 
coefficient).  
 
 
Correlation 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Halophilic bacteria vs 
pH 
 
r = 0.799; p = 0.002 
 
r = 0.859; p = 0.000 
 
r = 0.814; p = 0.001 
 
In the current work, significant and strong correlations between pH values and free amino 
acids content measured in samples salt-cured at 12 ºC (r = 0.675; p = 0.006) and at 18 ºC 
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(r = 0.989; p = 0.000) were also found. So, it seems that the increase of free amino acids 
content and, consequently, the degree of proteolysis found in cod samples can be 
expressed in the pH values.  
 
Therefore, the pH can influence the growth and survival of microorganisms and, as a 
result, the spoilage, as mentioned by other authors (Gram and Huss 1996; Adams and 
Moss 2008).  
 
Concluding, the pH values were significantly influenced by the higher temperature (18 ºC) 
mainly after 76 days of salt-curing. And, samples salt-cured 6 ºC can be considered with 
better quality, in accordance to the pH values. 
 
3.1.2.3 Color measurements  
3.1.2.3.1 Raw material 
According to the Table 16, the raw material was lighter in the zone close to the tail than in 
the loin part. The same result was observed for whiteness measured by equation 2 
(Schubring 2009). Furthermore, a whiter appearance was obtained in unsalted cod 
samples, being higher in the loin part, in accordance to the whiteness evaluated by 
equation 1 (Park 1994) (fig. 19 and Table 16). It has been suggested that a very low 
muscle pH post mortem causes denaturation of proteins, leading to the rather extreme 
whiteness sometimes observed in fresh fillets (Tomlinson (1965), as pointed out by 
Lauritzsen et al. (2004a)). 
 
 
 
Figure 19 - Unsalted cod samples (raw material). 
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The a* values were approximately 0 in the two positions analyzed of the raw material, 
having the loin part a value slightly higher. Taking into account the b* values found in the 
raw material, the loin part showed a more blue hue on the surface than the zone close to 
the tail. But, the raw material exhibited a yellow hue (≈ 90 º) in both positions analyzed. In 
addition, the loin part of the raw material exhibited a higher chroma value than the zone 
close to the tail. Therefore, a more intense color was observed in the loin part (fig. 19 and 
Table 16).  
 
Table 16 – Color coordinates found in the raw material. Results were obtained independently in 
two positions (in the loin part and close to the tail) and represent average values ± standard 
deviations.  
 
 
Color coordinates 
 
Raw material 
 Loin part Close to the tail 
 
L* 
 
53.03 ± 1.70 
 
59.67 ± 0.17 
Whiteness (eq. 1) 71.53 ± 2.70 64.17 ± 1.77 
Whiteness (eq. 2) 52.63 ± 1.64 59.64 ± 0.15 
a* 0.32 ± 0.25 -0.20 ± 0.033 
b* -6.17 ± 0.033 -1.50 ± 0.53 
ha,b* 93.03 ± 2.48 81.38 ± 4.53 
Ca,b* 6.18 ± 0.32 1.52 ± 0.52 
 
3.1.2.3.2 Salt-cured samples 
 
L* and whiteness values  
The changes in lightness and whiteness (both results of the two equations considered) of 
samples salt-cured at different temperatures during 76 days are presented in Tables 17, 
18 and 19, respectively.  
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Table 17 - L* values of samples salt-cured at different times and temperatures. Results were 
obtained independently in two positions (in the loin part and close to the tail) and represent average 
values ± standard deviations. 
 
 
Zone Storage time  
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
0 
 
53.92 ± 2.95a 
 
53.92 ± 2.95a 
 
53.92 ± 2.95a 
 7 55.89 ± 1.51a,b 56.84 ± 0.28a,b 57.91 ± 0.19a,b  
 31 56.17 ± 1.53a,b 58.36 ± 1.80a,b 57.50 ± 0.54a,b 
 76 60.42 ± 0.72b 59.39 ± 3.29a,b 58.68 ± 1.70a,b 
 
Close to the tail 
 
0 
 
59.23 ± 0.17a,b 
 
59.23 ± 0.17a,b 
 
59.23 ± 0.17a,b 
 7 
31 
76 
60.40 ± 0.57a,b,c 
65.99 ± 1.35d 
62.17 ± 0.78b,c 
62.74 ± 0.84c 
62.33 ± 0.20c 
61.83 ± 1.37b,c 
62.13 ± 1.09b,c 
62.53 ± 1.69c 
58.63 ± 1.91a 
     
For each position evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05). 
 
Table 18 - Whiteness values of samples salt-cured at different times and temperatures calculated 
from Schubring equation (eq. 2). Results were obtained independently in two positions (in the loin 
part and close to the tail) and represent average values ± standard deviations. 
 
 
Zone Storage time  
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
0 
 
53.85 ± 2.95a 
 
53.85 ± 2.95a 
 
53.85 ± 2.95a 
 7 55.78 ± 1.52a,b 56.72 ± 0.28a,b 57.81 ± 0.17a,b  
 31 55.99 ± 1.51a,b 58.16 ± 1.77a,b 57.29 ± 0.48a,b 
 76 60.22 ± 0.67b 59.10 ± 3.24a,b 56.30 ± 1.17a,b 
 
Close to the tail 
 
0 
 
59.18 ± 0.19a 
 
59.18 ± 0.19a 
 
59.18 ± 0.19a 
 7 
31 
76 
60.38 ± 0.59a 
65.13 ± 1.20b 
61.36 ± 0.53a 
62.23 ± 0.72a,b 
62.03 ± 0.25a,b 
60.79 ± 1.30a 
61.78 ± 1.02a 
61.55 ± 1.74a 
53.02 ± 2.58c 
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For each position evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05). 
 
Table 19 - Whiteness values of samples salt-cured at different times and temperatures calculated 
from Park equation (eq. 1). Results were obtained independently in two positions (in the loin part 
and close to the tail) and represent average values ± standard deviations. 
 
 
Zone Storage time  
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
0 
 
57.69 ± 0.77a,b 
 
57.69 ± 0.77a,b 
 
57.69 ± 0.77a,b 
 7 61.93 ± 0.95a,c 60.65 ± 0.41a,c 57.10 ± 0.52a,b 
 31 63.52 ± 1.14c 54.67 ± 0.15b 52.88 ± 1.38b,d 
 76 60.71 ± 0.43a,c 47.49 ± 5.64d 16.36 ± 2.48e 
 
Close to the tail 
 
0 
 
54.99 ± 1.63a,b 
 
54.99 ± 1.63a,b 
 
54.99 ± 1.63a,b 
 7 
31 
76 
58.20 ± 2.92b 
45.21 ± 0.83c,d 
41.29 ± 4.19c,e 
46.17 ± 1.55c,d 
50.96 ± 3.33a,b,d 
36.04 ± 1.11e 
49.74 ± 0.44a,d 
38.62 ± 3.64c,e 
-3.09 ± 5.53f 
     
For each position evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05). 
 
The L* values found in samples salt-cured at different temperatures for 76 days ranged 
approximately from 54 to 60 in the loin part and from 59 to 66 in the zone close to the tail 
(Table 17). Aas et al. (2010) also observed a similar range from 58 to 62 in salt-cured cod 
fillets. In addition, it has been stated that the lightness of the fish muscle surface is highly 
regarded sensory property of the final cured cod products (Lauritzsen et al. 2004b). The 
same authors also mentioned that the elevated L* values of the salted fish are explained 
by the light scattering properties of the muscle surface (Lauritzsen et al. 2004b). 
 
Generally, there was an increase of the L* values found in the loin part of samples salt-
cured at different temperatures with the storage time. However, only samples salt-cured at 
6 ºC after 76 days exhibited a L* value significantly higher than that found in the loin part 
of samples salt-cured after 0 days (p = 0.023, Table 17). Furthermore, the L* value 
obtained in the loin part of samples salt-cured at 6 ºC after 76 days was the highest found 
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in that position during salt-curing at different temperatures (Table 17). This indicates that 
the salt-curing at 6 ºC can improve the appearance of salted cod products in the loin part. 
 
Taking into account the L* values observed in the zone close to the tail of samples salt-
cured at different temperatures, an increase or a slight increase of these values was 
observed during the first 31 days of salt-curing at 6 ºC and at 18 ºC and in the first 7 days 
of salt-curing at 12 ºC (p = 0.016), being the greatest L* value found in samples salt-cured 
at 6 ºC after 31 days (p ≤ 0.019). Then, the L* values decreased, being this decrease 
significant between 31 and 76 days in samples salt-cured at 6 ºC and at 18 ºC (p = 0.0070 
and p = 0.0056, respectively) (Table 17). 
 
Moreover, significant differences between storage temperatures, according to the L* 
values, were only found in the zone close to the tail of samples salt-cured after 31 and 76 
days (Table 17). After 31 days, samples salt-cured at 6 ºC showed a L* value significantly 
higher in the zone close to the tail than the L* value found in the same position of samples 
salt-cured at 12 ºC and at 18 ºC (p = 0.011 and p = 0.019, respectively). Furthermore, the 
L* value observed in the area close to the tail of samples salt-cured at 18 ºC after 76 days 
was significantly lower than that obtained in the area close to the tail of samples salt-cured 
at 6 ºC and at 12 ºC after 76 days (p = 0.011 and p = 0.036, respectively). Additionally, the 
products salt-cured at 18 ºC after 76 days presented the lowest L* value observed in the 
zone close to the tail (Table 17). So, these products can be considered less attractive 
because it has been reported that most consumers prefer salted fish with a white surface 
(Lauritzsen et al. 2004a). Therefore, it seems that the salt-curing at lower temperatures 
can also improve the color of salt-cured samples in the zone close to the tail.  
 
Furthermore, the L* values observed in the area close to the tail were higher than those 
observed in the loin part. However, differences between the L* values obtained in both 
positions analyzed were only significant in samples salt-cured after 0 days (p = 0.029), in 
samples salt-cured at 6 ºC after 31 days (p = 0.00019) and in samples salt-cured at 12 ºC 
after 7 days (p =0.0079). 
 
Generally, all trends and statistical results obtained for whiteness values (eq. 2) 
(Schubring 2009) (Table 18) were similar to those found for L* values. Slight differences 
were only found in the values obtained in the zone close to the tail, being the most 
relevant a whiteness value found in samples salt-cured at 18 ºC after 76 days lower than 
the lightness value obtained in these samples. This whiteness value was significantly 
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lower than the other whiteness values observed (p < 0.0002). Moreover, differences 
between storage temperatures after 31 days were only found in the area close to the tail 
between samples salt-cured at 6 ºC and samples salt-cured at 18 ºC (p = 0.026), in 
accordance to the whiteness values (eq. 2) (Table 18). 
 
Usually, the main effect of storage time on whiteness (eq. 1) of samples salt-cured at 
different temperatures indicates that this parameter tended to decrease with time. Such 
trend was more evident at higher storage temperature (Table 19).  
 
During salt-curing at 6 ºC, the whiteness values found in the loin part of salt-cured 
samples changed little, and only a slight increase of the whiteness values was observed in 
the first 31 days (Table 19). Additionally, the only significant difference obtained in the loin 
part between storage times (0 and 31 days) during salt-curing at 6 ºC was very low (p = 
0.040, Table 19). A slight increase of the whiteness values was observed in the first 7 
days of salt-curing at 6 ºC in the zone close to the tail of salt-cured samples. However, this 
increase was not significant (p = 0.29). The whiteness values observed in the area close 
to the tail of samples salt-cured at 6 ºC decreased, being this decrease more pronounced 
between 7 and 31 days of salt-curing (p = 0.00046, Table 19). 
 
The whiteness values found in the loin part of samples salt-cured at 12 ºC decreased 
significantly between 7 and 76 days (p ≤ 0.032, Table 19). In addition, the whiteness 
values observed in the zone close to the tail of samples salt-cured at 12 ºC decreased 
significantly between 0 and 7 days (p = 0.028) and between 31 and 76 days (p = 0.00018, 
Table 19).  
 
The decrease of the whiteness values obtained during salt-curing at 18 ºC was significant 
between 31 and 76 days in the loin part of salt-cured samples (p = 0.00014) and between 
7 and 76 days in the area close to the tail of salt-cured samples (p ≤ 0.0028), reaching 
respectively, 16.36 and -3.09 after 76 days (Table 19). Therefore, samples salt-cured at 
18 ºC after 76 days can be seen without whiteness in the zone close to the tail and only 
with some traces of whiteness in the loin area. These results are consistent with those 
obtained in sensory analysis for white color, since the panel did not detect this color in 
samples salt-cured at 18 ºC after 76 days (see section 3.1.4). Probably, part of these 
results can be related to the decrease of the water content observed in these samples (fig. 
17A) because positive and significant correlations (p = 0.000) between whiteness values 
(eq. 1) and water content found in samples salt-cured at 18 ºC were obtained (r = 0.960 in 
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the loin part and r = 0.948 in the zone close to the tail). Lauritzsen et al. (2004a) also 
reported that a decrease of the water content can cause changes in the color of fish.  
 
Generally, the whiteness values (eq. 1) observed in the salt-cured samples (in the loin 
part and close to the tail) varied according to the storage temperature, in the following 
order: 6 ºC > 12 ºC > 18 ºC (Table 19). In the loin part, such differences were significant 
between samples salt-cured at 6 ºC after 31 days and samples salt-cured at 12 ºC and at 
18 ºC after 31 days (p = 0.00052 and p = 0.00014, respectively) and between all samples 
salt-cured at different temperatures after 76 days (p = 0.00014 in both cases) (Table 19). 
Moreover, in the zone close to the tail, differences between storage temperatures were 
significant between: samples salt-cured at 6 ºC after 7 days and samples salt-cured at 12 
ºC and at 18 ºC after 7 days (p = 0.0011 and p = 0.040, respectively); samples salt-cured 
at 12 ºC after 31 days and samples salt-cured at 18 ºC after 31 days (p = 0.00082); 
samples salt-cured at 18 ºC after 76 days and samples salt-cured at 6 ºC and at 12 ºC 
after 76 days (p = 0.00014 in both cases) (Table 19). Therefore, the highest differences 
observed between storage temperatures, according to the whiteness values (eq. 1), were 
found after 31 and 76 days of salt-curing.  
 
Additionally, the whiteness values (eq. 1) observed in the loin part were higher than those 
values obtained in the area close to the tail of salt-cured samples. Differences between 
the whiteness values (eq. 1) found in both positions analyzed were only not significant in 
samples salt-cured after 0 days (p = 1.00), in samples salt-cured at 6 ºC and at 18 ºC after 
7 days (p = 0.96 and p = 0.064, respectively) and in samples salt-cured at 12 ºC after 31 
days (p =0.96). 
 
Concluding, it seems that the salt-curing generally decreased the whiteness of the salted 
cod products. In addition, the whiteness loss was visible to the naked eye, especially 
during salt-curing at 18 ºC. Therefore, the equation 1 (Park 1994) was the one that best 
represented the whiteness changes that occurred during salt-curing. Moreover, samples 
salt-cured at 6 ºC were almost always whiter and, consequently, more attractive during 76 
days of salt-curing. So, these samples can probably be considered as showing higher 
quality because it has been mentioned that one of the most important quality properties of 
salt-cured cod is the color of the flesh which should be as white as possible (Lauritzsen et 
al. 1999), with the exception of yellow salt-cured cod which should be as yellow as 
possible. Other authors also demonstrated that shorter curing times as well as lower 
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temperatures during curing can result in whiter appearance (Barat et al. 2003; Lindkvist et 
al. 2008). 
 
a* and b* values 
Before salt-curing, the pickle-salted cod samples showed a more yellow color (with less 
whiteness) and a less red color than the unsalted cod samples (Tables 16, 20 and 21). 
So, it seems that the pickle-salting influenced the color of the products.  
 
The changes in a* and b* values of salted cod samples induced by different storage times 
and temperatures are depicted in Tables 20 and 21, respectively. 
 
Table 20 - a* values of samples salt-cured at different times and temperatures. Results were 
obtained independently in two positions (in the loin part and close to the tail) and represent average 
values ± standard deviations. 
 
 
Zone Storage time  
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
0 
 
-2.13 ± 0.33a 
 
-2.13 ± 0.33a 
 
-2.13 ± 0.33a 
 7 -2.24 ± 0.09a -3.01 ± 0.11a -2.95 ± 0.25a  
 31 -3.07 ± 0.31a -3.93 ± 0.01a -3.93 ± 0.35a 
 76 -3.90 ± 0.48a -2.14 ± 1.94a 0.90 ± 0.82b 
 
Close to the tail 
 
0 
 
-1.37 ± 0.22a,b 
 
-1.37 ± 0.22a,b 
 
-1.37 ± 0.22a,b 
 7 
31 
76 
-1.04 ± 0.36b 
-3.25 ± 0.29a 
-3.28 ± 0.74a 
-2.71 ± 0.15a,b 
-2.74 ± 0.73a,b 
-2.56 ± 0.54a,b 
-3.02 ± 0.12a,b 
-3.27 ± 0.49a 
8.40 ± 2.08c 
 
For each position evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05). 
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Table 21 - b* values of samples salt-cured at different times and temperatures. Results were 
obtained independently in two positions (in the loin part and close to the tail) and represent average 
values ± standard deviations. 
 
 
Zone Storage time  
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
0 
 
-1.26 ± 0.72a,b,c 
 
-1.26 ± 0.72a,b,c 
 
-1.26 ± 0.72a,b,c 
 7 -2.01 ± 0.19a,b -1.27 ± 0.23a,b,c 0.27 ± 0.11c,d  
 31 -2.45 ± 0.13a 1.23 ± 0.65d 1.54 ± 0.64d 
 76 -0.10 ± 0.38b,c,d 3.97 ± 0.78e 14.11 ± 1.39f 
 
Close to the tail 
 
0 
 
1.41 ± 0.49a,b 
 
1.41 ± 0.49a,b 
 
1.41 ± 0.49a,b 
 7 
31 
76 
0.73 ± 0.78a 
6.93 ± 0.73d,e 
6.96 ± 1.66d,e 
5.52 ± 0.80c,d 
3.79 ± 1.04b,c 
8.60 ± 0.22e 
4.13 ± 0.51c 
7.97 ± 0.65d,e 
20.57 ± 1.21f 
     
For each position evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05). 
 
Generally, the a* values found in both positions analyzed tended to decrease slight with 
time until 76 days of salt-curing at 6 ºC and 31 days of salt-curing at 12 ºC and at 18 ºC. 
So, in these cases, it seems that the color of the products was changing from red to 
green. However and usually, storage time did not affected significantly (p > 0.05) the a* 
values observed in samples salt-cured at 6 ºC and at 12 ºC (Table 20). Only the a* values 
found in samples salt-cured at 18 ºC after 76 days (in the loin part and in the area close to 
the tail) were positive and significantly higher than the a* values obtained in the other 
samples analyzed at 18 ºC (p ≤ 0.0055) and at 6 ºC and at 12 ºC after 76 days (p = 
0.0014 and p = 0.00055, respectively in the loin part, and p = 0.00014 for both cases in 
the zone close to the tail). Therefore, these positive a* values compared to the other a* 
values observed during salt-curing at 18 ºC reflected a color change from green to red. 
This change was more evident in the area close to the tail than in the loin part of salt-
cured samples (p = 0.00019) (Table 20 and fig. 20), being this the only significant 
difference found between the two positions analyzed, according to the a* values. 
Moreover, this red discoloration observed in samples salt-cured at 18 ºC after 76 days 
was visible to the naked eye and can be attributed to the growth of red-halophilic bacteria 
observed in these samples (see below section 3.1.3) (fig. 20). Other authors also referred 
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that the “pink” caused by extreme halophiles spoilage bacteria 
(Halococcus and Halobacterium) during storage lead to discoloration of the muscle 
surface of salted cod when the fish is stored at high storage temperatures or without 
sufficient chilling (Huss 1994; Vilhelmsson et al. 1996, 1997; Aas et al. 2010).  
 
 
 
 
Figure 20 – Samples salt-cured at 6 ºC (A), at 12 ºC (B) and at 18 ºC (C) after 76 days. 
 
Usually, the b* values observed in the loin part and in area close to the tail of samples 
salt-cured at different temperatures tended to increase with time. This trend was more 
evident at higher storage temperature. Therefore, it seems that salt-curing at different 
temperatures was normally changing the color of the products from blue to yellow. Other 
authors also mentioned that the curing is characterized by the appearance of a yellowish 
(A) (B) 
(C) 
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color (Vilhelmsson et al. 1997). Although, Lauritzsen et al. (1999) reported that a major 
quality problem of heavily salted cod is yellow/brownish discoloration of the flesh surface.  
 
A slight decrease of the b* values was observed in the loin part of samples salt-cured at 6 
ºC during the first 31 days of salt-curing, despite of the absence of significant differences 
found throughout that time (p > 0.05, Table 21). This indicates that the color of the 
products salt-cured at 6 ºC was not changing to yellow (in the loin part) during the first 31 
days of salt-curing. The same was also observed in the area close to the tail of the same 
samples during the first 7 days of salt-curing. Lauritzsen et al. (2004b) also reported that 
usually a low yellow color of the fish muscle surface is regarded sensory property of the 
final cured products. These authors were probably referring to the process performed at 
lower temperatures and for short times. In addition, only one significant difference was 
obtained between storage times (31 and 76 days) in the loin part during salt-curing at 6 ºC 
(p = 0.0090, Table 21). The greatest increase of the b* values observed in the area close 
of tail of samples salt-cured at 6 ºC was found between 7 and 31 days of salt-curing (p = 
0.0014, Table 21). 
 
During storage at 12 ºC, the b* values found in the loin part of salt-cured samples 
increased significantly between 7 and 76 days (p ≤ 0.0047), reaching a final value (3.97, 
Table 21) significantly different from the other b* values obtained in the other samples 
analyzed (p ≤ 0.0017). Additionally, the b* values obtained in the zone close to the tail of 
samples salt-cured at 12 ºC increased significantly between 0 and 7 days (p = 0.00030) 
and between 31 and 76 days (p = 0.00015, Table 21). 
 
Moreover, the increase of the b* values obtained throughout storage at 18 ºC was 
significant between 31 and 76 days in the loin part of salt-cured samples (p = 0.00014) 
and between 0 and 76 days in the area close to the tail of salt-cured samples (p ≤ 0.024), 
reaching respectively, 14.11 and 20.57 after 76 days (Table 21). These final values were 
significantly different from the other b* values obtained respectively in the loin part and in 
the zone close to the tail of other salt-cured samples analyzed (p = 0.00014 in both cases, 
Table 21). Therefore, samples salt-cured at 18 ºC after 76 days were those that exhibited 
the higher b* values (more yellow) (fig. 20) and probably can be considered rancid 
products since it has been reported that a yellow color is an indication of this type of 
products (Lauritzsen et al. 1999). Such results also are consistent with those obtained in 
sensory analysis for cream color (see section 3.1.4). Therefore, the panel also pointed the 
samples salt-cured at 18 ºC after 76 days with the highest value of cream color. As 
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referred for whiteness values (eq. 1), part of this result can be related perhaps to the 
decrease of the water content observed in these samples. Furthermore, negative, strong 
and significant correlations (p = 0.000) between b* values and water content found in 
samples salt-cured at 18 ºC were also obtained (r = - 0.970 in the loin part and r = - 0.939 
in the zone close to the tail). Other authors also referred that the yellowing (b*) of salted 
fishes increased inversely proportional to the water content (Brás and Costa 2010). 
 
According to the Table 22, strong, negative and significant correlations (p = 0.000) 
between b* and whiteness values (eq. 1) found in both positions analyzed of samples salt-
cured at different temperatures throughout 76 days were generally obtained for all 
temperatures. Thus, it seems that the b* values increased inversely proportional to the 
whiteness values during salt-curing, being the only exception the values obtained in the 
loin part during salt-curing at 6 ºC. Puebla (2006) also reported that the whiteness is 
defined as the opposite of yellowness. 
 
Table 22 - p and r values obtained from the relation of b* values with the whiteness values (eq. 1) 
found in both positions evaluated (loin part and zone close to the tail) of samples salt-cured at 
different temperatures for 76 days (r = Pearson´s correlation coefficient).  
 
 
Zone 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
r = - 0.417; p = 0.178 
 
r = - 0.910; p = 0.000 
 
r = - 0.994; p = 0.000 
Close to the tail r = - 0.975; p = 0.000 r = - 0.985; p = 0.000 r = - 0.997; p = 0.000 
 
As expected from the results observed in Table 21, the b* values observed in the salt-
cured samples (in the loin part and in the zone close to the tail) varied generally according 
to the storage temperature, in the following order: 6 ºC < 12 ºC < 18 ºC. In the loin part, 
such differences were significant between: samples salt-cured at 6 ºC after 7 days and 
samples salt-cured at 18 ºC after 7 days (p = 0.012); samples salt-cured at 6 ºC after 31 
days and samples salt-cured at 12 ºC and at 18 ºC after 31 days (p = 0.00016 and p = 
0.00015, respectively); and between all samples salt-cured at different temperatures after 
76 days (p ≤ 0.00015) (Table 21). Moreover, in the zone close to the tail, b* values 
differences between storage temperatures were significant between: samples salt-cured 
at 6 ºC after 7 days and samples salt-cured at 12 ºC and at 18 ºC after 7 days (p = 
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0.00015 and p = 0.0024, respectively); samples salt-cured at 12 ºC after 31 days and 
samples salt-cured at 6 ºC and at 18 ºC after 31 days (p = 0.0058 and p = 0.00026, 
respectively); samples salt-cured at 18 ºC after 76 days and samples salt-cured at 6 ºC 
and at 12 ºC after 76 days (p = 0.00014 in both cases) (Table 21). Therefore, it seems 
that the salt-curing at higher temperatures makes the fish more yellow. 
 
Additionally, all samples salt-cured at different temperatures throughout 76 days exhibited 
a more yellow hue in the zone close to the tail than in the loin part (p ≤ 0.014, Table 21). 
Lauritzsen et al. (1999) also reported that the yellow/brown color found in heavily salted 
cod may cover the whole muscle surface or only sections of it. 
 
The development of yellow discoloration on the flesh surface and, consequently, the 
decrease of the whiteness values found during storage (more evident at higher 
temperatures) were believed to be caused by the oxidation of lipids and proteins, as 
already referred by other authors (Huss 1994; Lauritzsen et al. 1999; Aas et al. 2010; 
Nguyen et al. 2012b). For example, Nguyen et al. (2012b) reported that the reactions 
between the lipid oxidation products and components of protein fraction can caused the 
increase in b* values during storage of salted cod. In addition, Jónsdóttir et al. (2011) also 
mentioned that high oxidation levels may give rise to Maillard type of reactions which in 
turn may develop yellow discoloration of the muscle tissue. Moreover, Aas et al. (2010) 
also referred that the salt-curing inhibits many spoilage reactions in fish, but protein 
degradation and lipid oxidation occurs. The same authors also mentioned that the lipid 
oxidation represents the main spoilage problem for salt-cured cod, even though it is a lean 
fish containing approximately 0.3 % to 0.5 % lipid in the muscle (Aas et al. 2010). 
Furthermore, it was likely that the relative large surface area of the salt-cured cod samples 
has facilitated the access of oxygen (air) required for lipid oxidation, and consequently, 
has accelerated the lipid oxidation of the muscle, as reported by Jónsdóttir et. (2011). 
As mentioned earlier, the TBA values presented in Table 12 were very low and did not 
show lipid alteration. Therefore, the thiobarbituric acid index (TBA) was probably not 
representing the oxidation in the muscle well enough.  
 
Chroma and Hue values 
The changes in hue (ha,b*) and chroma (Ca,b*) values of samples salt-cured at different 
times and temperatures are presented in Tables 23 and 24, respectively. 
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Table 23 - Hue values (ha,b*) (º) of samples salt-cured at different times and temperatures. Results 
were obtained independently in two positions (in the loin part and close to the tail) and represent 
average values ± standard deviations. 
 
 
Zone Storage time  
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
0 
 
30.15 ± 17.77a 
 
30.15 ± 17.77a 
 
30.15 ± 17.77a 
 7 41.90 ± 1.55a 22.89 ± 4.46a 174.63 ± 2.58b 
 31 38.71 ± 4.30a 162.84 ± 8.60b 159.17 ± 6.46b,d 
 76 34.95 ± 26.96a 117.56 ± 24.79c,d 86.12 ± 3.70c 
 
Close to the tail 
 
0 
 
134.95 ± 5.81a,b 
 
134.95 ± 5.81a,b 
 
134.95 ± 5.81a,b 
 7 
31 
76 
153.90 ± 26.95b 
115.36 ± 4.27a 
116.25 ± 10.43a 
116.41 ± 4.53a 
126.70 ± 14.48a,b 
106.61 ± 3.61a 
126.32 ± 2.31a,b 
112.43 ± 4.63a 
68.01 ± 3.82c 
 
For each position evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05). 
 
Table 24 - Chroma values (Ca,b) of samples salt-cured at different times and temperatures. Results 
were obtained independently in two positions (in the loin part and close to the tail) and represent 
average values ± standard deviations. 
 
 
Zone Storage time  
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
0 
 
2.56 ± 0.10a 
 
2.56 ± 0.10a 
 
2.56 ± 0.10a 
 7 3.01 ± 0.19a,b 3.27 ± 0.01a,b 2.96 ± 0.24a,b 
 31 3.94 ± 0.16b,c 4.15 ± 0.19b,c 4.24 ± 0.55b,c 
 76 3.92 ± 0.47a,b,c 4.81 ± 0.33c 14.16 ± 1.33d 
 
Close to the tail 
 
0 
 
1.97 ± 0.50a 
 
1.97 ± 0.50a 
 
1.97 ± 0.50a 
 7 
31 
76 
1.34 ± 0.70a 
7.67 ± 0.53b,d 
7.77 ± 1.17b,d 
6.16 ± 0.65c,d 
4.78 ± 0.42c 
8.98 ± 0.14b 
5.12 ± 0.48c 
8.63 ± 0.42b 
22.25 ± 1.90e 
For each position evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05). 
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As shown in Table 23, the hue values (ha,b*) of all the products analyzed ranged between 
22.89 º and 174.63 º in the loin part and between 68.01 º and 153.90 º in the area close to 
the tail. So, these products presented a hue among red, green and yellow in the loin part 
and among green and yellow in the area close to the tail. Therefore, all products analyzed 
revealed that the blue did not contribute to the color of samples salt-cured at different 
temperatures for 76 days. The same can be stated for the red hue in the area close to the 
tail. 
 
According to the Table 23, the loin part of samples salt-cured at 6 ºC during 76 days 
exhibited a hue below 45 º. So, these samples showed a hue closer to red in the loin 
zone. Furthermore, the largest hue range was found during storage at 12 ºC and at 18 ºC 
in the loin part of salt-cured samples, being the hue of the products observed after 76 
days in both cases more yellow (≈ 118 º and 86 º, respectively). These latter values were 
significantly different from the other hue values found during salt-curing, respectively at 12 
ºC and at 18 ºC (p ≤ 0.028 and p ≤ 0.0034, respectively) and significantly different from 
the hue value found in the loin part of samples salt-cured at 6 ºC after 76 days (closer to 
red) (p = 0.00015 and p = 0.0089, respectively). Additionally, the hue value found in the 
loin part of samples salt-cured at 6 ºC after 31 days (closer to red)  was also significantly 
different from the hue values observed in the loin part of samples salt-cured at 12 ºC and 
at 18 ºC after 31 days (green hue) (p = 0.00014 in both cases). And, already after 7 days, 
the hue value obtained in the loin part of samples salt-cured at 18 ºC (green hue) was also 
significantly different from the hue values observed in the loin part of samples salt-cured 
at 6 ºC and at 12 ºC (closer to red) (p = 0.00014 in both cases) (Table 23). These results 
perhaps can reflected the differences obtained in coordinates of color space (L*, a*, b*). 
 
In the area close to the tail, only samples salt-cured at 6 ºC after 7 days exhibited a hue 
closer to green and samples salt-cured after 0 days presented a hue among yellow and 
green. The other hue values observed in the area close to the tail of samples salt-cured at 
different temperatures were closer to 90 ºC (yellowish), reaching 116 º, 107 º and 68 º 
after 76 days, respectively at 6 ºC, at 12 ºC and at 18 ºC. Moreover, this latter value found 
at 18 ºC was significantly different from the other hue values observed throughout salt-
curing at 18 ºC (p ≤ 0.00093) and significantly different from the hue values found in area 
close to the tail of samples salt-cured at 6 ºC and at 12 ºC after 76 days (p = 0.00038 and 
p = 0.0046, respectively, Table 23). In addition, strong, negative and significant 
correlations (p ≤ 0.001) between hue values and b* values found in the area close to the 
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tail of samples salt-cured at 6 ºC, at 12 ºC and at 18 ºC throughout 76 days were obtained 
(r = - 0.833, r = - 0.927 and r = - 0.997). These results indicate the great yellow 
contribution on the color of these samples. 
 
Therefore, samples salt-cured at different temperatures during 76 days showed generally 
a different hue in both positions analyzed. Differences between the hue of the two 
positions were only not significant in samples salt-cured at 12 ºC after 31 and 76 days (p = 
0.10 and p = 1.00, respectively) and in samples salt-cured at 18 ºC after 76 days (p = 
0.98). Thus, samples salt-cured at 12 ºC and at 18 ºC after 76 days were those that 
exhibited the same hue (yellow) in both positions analyzed and, consequently, can be 
considered with lower quality.  
 
Generally, the main effect of storage time on chroma values of samples salt-cured at 
different temperatures indicates that this parameter tended to increase with time. After 76 
days of salt-curing, the chroma values found in the loin part of samples salt-cured at 6 ºC, 
at 12 ºC and at 18 ºC reached, respectively, 3.92, 4.81 and 14.16. Moreover, the greatest 
increase in the loin part was observed between 31 and 76 days of salt-curing at 18 ºC (p = 
0.00014) (Table 24). The main significant increases of chroma values found in the area 
close to the tail of salt-cured samples were obtained between 7 and 31 days at 6 ºC (p = 
0.00014), between 0 and 7 days at 12 ºC (p = 0.00018) and between 31 and 76 days at 
12 ºC (p = 0.00018). Furthermore, the chroma values obtained in the area close to the tail 
of samples salt-cured at 18 ºC increased significantly between 0 and 76 days (p ≤ 0.0028) 
(Table 24). Regardless of temperature, it seems that salt-curing intensified the color.  
 
Moreover, samples salt-cured at 6 ºC were those that exhibited usually the less intense 
color (lower Ca,b* values) in both positions analyzed. One of the only significant 
differences found between samples salt-cured at lower storage temperature and samples 
salt-cured at 12 ºC and at 18 ºC were found in the area close to the tail after 7 days (p = 
0.00015 and p = 0.00014, respectively) (Table 24). These differences were expected 
because higher whiteness values and lower b* values were found in the area close to the 
tail of samples salt-cured at 6 ºC after 7 days compared to samples salt-cured at 12 ºC 
and at 18 ºC after 7 days (see Tables 19 and 21). In addition, the chroma values obtained 
in the loin part and in the area close to the tail of samples salt-cured at 18 ºC after 76 days 
were significantly higher than the other chroma values observed respectively in the loin 
part and in the zone close to the tail of samples salt-cured at different temperatures (p = 
0.00014 for both cases, Table 24). Therefore, these highest values allowed the significant 
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differences found between storage temperatures after 76 days. So, products salt-cured at 
18 ºC after 76 days were those that exhibited a more intense color (higher Ca,b* values) in 
both positions analyzed. Additionally, significant, strong and positive correlations (p ≤ 
0.001) between chroma values and a* and b* values found in samples salt-cured at 18 ºC 
were obtained (r = 0.831 and r = 0.996, respectively in the loin part; and r = 0.897 and r = 
0.999, respectively in the zone close to the tail). So, it seems that the chroma values 
increased directly proportional with the a* and b* values during salt-curing at 18 ºC. 
Therefore, the intensity of the color increased with the increasing of red and yellow hue in 
samples salt-cured at 18 ºC.  
Furthermore, positive and significant correlations (p = 0.000) between chroma values and 
b* values obtained in the area close to the tail of samples salt-cured at 6 ºC and in both 
positions evaluated of samples salt-cured at 12 ºC were also found (Table 25). Thus, also 
in these cases, it appears that the intensity of the color increased generally with the 
increasing of yellow hue. 
 
Table 25 - p and r values obtained from the relation of chroma values with b* values found in two 
positions evaluated (loin part and close to the tail) in samples salt-cured at different temperatures 
for 76 days (r = Pearson´s correlation coefficient).  
 
 
Zone 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
r = 0.121; p = 0.709 
 
r = 0.891; p = 0.000 
 
r = 0.996; p = 0.000 
Close to the tail r = 0.997; p = 0.000 r = 0.992; p = 0.000 r = 0.999; p = 0.000 
 
In general, it seems that the b* value was the parameter that most contributed to the Ca,b* 
values obtained in salt-cured products, as referred by Rodrigues (2006) for cod salted 
products.  
 
Additionally, the chroma values observed in samples salt-cured at different temperatures 
for 76 days were generally higher in the area close to the tail than in the loin part (Table 
24). Differences between the two positions were only not significant in samples salt-cured 
after 0 days (p = 1.00), in samples salt-cured at 6 ºC after 7 days (p = 0.25) and in 
samples salt-cured at 12 ºC after 31 days (p = 1.00). The same significant differences 
between both positions evaluated were observed for whiteness values (eq. 1). Moreover, 
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the results of whiteness (eq. 1) and chroma values were generally well correlated, as 
expected (Table 26). In conclusion, samples with high chroma values had usually low 
whiteness values. 
 
Table 26 - p and r values obtained from the relation of chroma values with whiteness values 
measured by the Park equation (eq. 1) found in two positions evaluated (loin part and area close to 
the tail) in samples salt-cured at different temperatures for 76 days (r = Pearson´s correlation 
coefficient).  
 
 
Zone 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
r = 0.605; p = 0.037 
 
r = - 783; p = 0.003 
 
r = - 0.997; p = 0.000 
Close to the tail r = - 0.972; p = 0.000 r = - 0.965; p = 0.000 r = - 0.997; p = 0.000 
 
Color differences 
The color differences (ΔE) induced by different storage times and temperatures are 
depicted in Tables 27 and 28. 
 
Table 27 - Color difference (ΔE) between samples salt-cured at different times and temperatures, 
according to Young and Whittle (1985) (eq. 1) Results were obtained independently in two 
positions (in the loin part and close to the tail) and represent average values ± standard deviations. 
 
 
Zone 
 
Storage time  
(days) 
Pairs 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
0 and 7 
 
3.85 ± 2.28a 
 
3.50 ± 2.66a 
 
4.40 ± 3.15a 
 7 and 31 0.99 ± 0.36a 3.23 ± 0.99a 1.74 ± 0.51a 
 31 and 76 4.96 ± 0.55a 5.42 ± 1.74a 13.71 ± 1.64b 
 
Close to the tail 
 
0 and 7 
 
1.39 ± 0.52a 
 
5.60 ± 0.77a,b 
 
4.31 ± 1.38a,b 
 7 and 31 
31 and 76 
8.74 ± 1.02b 
4.47 ± 1.78a,b 
2.03 ± 0.22a 
5.01 ± 0.98a,b 
4.49 ± 0.56a,b 
17.78 ± 3.78c 
For each position evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05).  
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Table 28 - Color difference (ΔE) between samples salt-cured at different times and temperatures, 
according to Schubring (2009) (eq. 2) Results were obtained independently in two positions (in the 
loin part and close to the tail) (average values ± SD). 
 
 
Zone 
 
Storage time  
(days) 
Pairs 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Loin part 
 
0 and 7 
 
17.59 ± 11.93a,b.c 
 
17.78 ± 11.10a,b,c 
 
35.77 ± 15.44a,b 
 7 and 31 3.41 ± 2.64c 40.10 ± 4.20a,b 15.54 ± 9.01a,c 
 31 and 76 37.05 ± 1.47a,b 45.54 ± 15.97b 107.44 ± 2.63d 
 
Close to the tail 
 
0 and 7 
 
19.03 ± 21.19a 
 
19.35 ± 1.12a 
 
10.00 ± 7.52a 
 7 and 31 
31 and 76 
39.77 ± 22.09a 
11.50 ± 6.88a 
10.88 ± 9.19a 
20.89 ± 14.06a 
14.53 ± 2.12a 
136.38 ± 8.06b 
     
For each position evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05).  
 
According to the Table 27, the values obtained for color differences ranged among 0.99 to 
17.78. Therefore, the pairs analyzed demonstrated generally dissimilar colors (ΔE ≈ or > 
3) or more rarely showed weak similarity (ΔE ≈ 2).  
 
Generally, the lower color differences were found in samples salt-cured at 6 ºC and the 
major color differences obtained between the pairs analyzed (storage times) were 
observed between 31 and 76 days of salt-curing at different temperatures (Tables 27 and 
28). However, the pair 31 and 76 days found in both positions evaluated of samples salt-
cured at 18 ºC was the one that exhibited the greatest color differences (p < 0.05, Tables 
27 and 28). This probably can reflected the differences obtained in coordinates of color 
space (L*, a*, b*). Therefore, it seems that the storage processes increases the color 
differences at a certain point (Tables 27 and 28).  
 
Moreover, all the pairs analyzed were usually similar in both positions analyzed. Only the 
color difference observed in the pair 7 and 31 days of samples salt-cured at 6 ºC was 
significantly higher in the zone close to the tail than in the loin part (p < 0.05, Tables 27 
and 28). Probably this difference can also reflected the differences observed in 
coordinates of color space (L*, a*, b*). 
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Color measurement – General overview 
It seems that the color of the products, one of the main quality criterion for salted cod 
(Nguyen et al. 2011a), was changing over the storage time, the color changes being more 
evident at higher storage temperature. Generally, salt-curing made the fish more yellow 
and with less whiteness. Additionally, the products salt-cured at 18 ºC after 76 days 
exhibited a yellow and a red/pink discoloration of the flesh surface. These changes can 
affect the commercial quality rating of the products, as referred earlier by other authors 
(Thorarinsdóttir et al. 2001, 2004). Moreover, the color and appearance changes found 
during salt-curing perhaps were related to the growth of halophilic bacteria in samples 
salt-cured at higher temperature after 76 days and to the oxidation of lipids and proteins. 
Therefore, it appears that salt-curing at 6 ºC can improve the color of salted cod. 
 
Furthermore, the whiteness, b* and a* parameters probably can be seen as the best ones 
to assess the quality of the salt-cured cod samples. 
 
Concluding, the color of the salt-cured cod products, determined with the Minolta 
instrument, seems to be influenced by the zone of the samples, storage temperature and 
storage time. 
 
3.1.2.4 Texture measurements 
The mechanical parameters found in unsalted cod are shown in Table 29. Generally, all 
textural parameters analyzed showed a slightly higher value in the loin part than in the 
zone close to the tail (Table 29). 
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Table 29 - Average values (± standard deviations) of mechanical parameters obtained from the 
TPA test in both positions analyzed of the raw material (loin part and zone close to the tail).  
 
 
Mechanical parameters 
 
Raw material 
 Loin part Close to the tail 
 
Hardness (g) 
 
274.45 ±  38.62 
 
244.57 ± 13.23 
Fracturability (g) --- --- 
Adhesiveness (g.s) -3.95 ± 1.62 -5.95 ± 0.55 
Springiness 0.88 ± 0.02 0.80 ± 0.01 
Chewiness 130.89 ± 15.10 89.61 ± 2.83 
Gumminess 146.66 ± 12.14 112.05 ± 4.23 
Cohesiveness 
Resilience 
0.55 ± 0.02 
0.24 ± 0.03 
0.48 ± 0.03 
0.20 ± 0.01 
 
Values of mechanical parameters presented in Tables 30 and 31 reflect the effects of 
different storage times and storage temperatures on cod mechanical behavior in 
compression tests. The mechanical parameters obtained from the TPA test were: 
hardness, adhesiveness, cohesiveness, springiness, fracturability, gumminess, chewiness 
and resilience. However, the fracturability results are not shown because only 3 samples 
of the loin part fractured. Bourne (1982) also reported that not all the products fracture. 
So, this parameter was not considered relevant in this study. 
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Table 30 – Textural parameters obtained from the TPA test in the loin part of samples salt-cured at 
different times and temperatures. Results represent average values ± standard deviations. 
 
 
Parameter 
Storage 
time  
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Hardness (g) 
 
0 
 
1109.82 ± 6.92a 
 
1109.82 ± 6.92a 
 
1109.82 ± 6.92a 
 7 1081.30 ± 164.27a 1642.48 ± 102.73b 1493.54± 196.48a,b 
 31 1533.17 ± 369.07a,b 1669.86 ± 199.06b 1685.07 ± 98.07b 
 76 1479.27 ± 174.33a,b 1805.05 ± 39.45b 1171.37 ± 106.40a 
Adhesiveness 
(g.s) 
0 
7 
31 
76 
-11.70 ± 2.70a 
-47.82 ± 9.38a,b 
-83.19 ± 62.32b 
-23.78 ± 3.42a,b 
-11.70 ± 2.70a 
-37.18 ± 17.05a,b 
-57.00 ± 21.60a,b 
-54.88 ± 6.58a,b 
-11.70 ± 2.70a 
-46.27± 6.10a,b 
-73.02 ± 13.98a,b 
-35.88 ± 23.65a,b 
Springiness 0 
7 
31 
76 
0.81 ± 0.01a,b 
0.77 ± 0.02a,b 
1.12 ± 0.32b 
0.78 ± 0.05a,b 
0.81 ± 0.01a,b 
0.92 ± 0.14a,b 
0.95 ± 0.25a,b 
0.93 ± 0.09a,b 
0.81 ± 0.01a,b 
0.73 ± 0.00a 
0.86 ± 0.00a,b 
0.87 ± 0.00a,b 
Cohesiveness 
 
 
 
Chewiness 
 
 
 
Gumminess 
 
 
 
Resilience 
0 
7 
31 
76 
0 
7 
31 
76 
0 
7 
31 
76 
0 
7 
31 
76 
0.56 ± 0.02a,b,c,d 
0.51 ± 0.00a,e 
0.60 ± 0.03d 
0.58 ± 0.00b,c,d 
505.86 ± 15.77a 
426.66 ± 62.86a 
1135.48 ± 534.78b 
667.40 ± 127.38a,b 
624.47 ± 15.75a,b 
548.43 ± 87.86b 
908.68 ± 166.21c,d,e 
853.17 ± 106.89a,c,d,e 
0.18 ± 0.01a,c 
0.12 ± 0.01b 
0.17 ± 0.03a 
0.21 ± 0.02c,d 
0.56 ± 0.02a,b,c,d 
0.53 ± 0.01a,b,c,e 
0.52 ± 0.04a,b,e 
0.59 ± 0.03c,d 
505.86 ± 15.77a 
782.20 ± 168.95a,b 
737.24 ± 242.16a,b 
923.38 ± 90.24a,b 
624.47 ± 15.75a,b 
861.71 ± 75.24a,c,d,e 
874.89 ± 163.03a,c,d,e 
1070.78 ± 82.42e 
0.18 ± 0.01a,c 
0.17 ± 0.00a 
0.17 ± 0.01a 
0.22 ± 0.00d 
0.56 ± 0.02a,b,c,d 
0.49 ± 0.01e 
0.56 ± 0.03a,b,c,d,e 
0.56 ± 0.01a,b,c,d 
505.86 ± 15.77a 
543.32 ± 76.40a 
816.85 ± 91.23a,b 
574.64 ± 32.25a 
624.47 ± 15.75a,b 
732.79 ± 108.87a,b,c,d 
940.85 ± 99.26d,e 
655.64 ± 40.41a,b,c 
0.18 ± 0.01a,c 
0.15 ± 0.01a,b 
0.16 ± 0.01a,b 
0.16 ± 0.02a,b 
     
For each parameter evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05).  
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Table 31 – Textural parameters obtained from the TPA test in the zone close to the tail of samples 
salt-cured at different times and temperatures. Results represent average values ± standard 
deviations. 
 
 
Parameter 
Storage 
time 
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Hardness (g) 
 
0 
7 
31 
76 
 
2101.28 ± 710.22a 
2050.67 ± 33.40a 
2309.17 ± 790.03a 
2155.58 ± 134.68a 
 
2101.28 ± 710.22a 
1819.08 ± 299.58a 
2161.83 ± 466.90a 
2126.08 ± 347.08a 
 
2101.28 ± 710.22a 
1669.32 ± 541.72a 
1941.00 ± 824.40a 
2743.10 ± 90.97a 
Adhesiveness 
(g.s) 
 
 
Springiness 
 
 
 
Cohesiveness 
 
 
 
Chewiness 
 
 
 
Gumminess 
 
 
 
Resilience 
0 
7 
31 
76 
0 
7 
31 
76 
0 
7 
31 
76 
0 
7 
31 
76 
0 
7 
31 
76 
0 
7 
31 
76 
-41.07 ± 3.20a 
-27.07 ± 2.27a 
-43.88 ± 30.18a 
-52.27 ± 17.63a 
0.77 ± 0.00a 
0.85 ± 0.09a 
0.86 ± 0.10a 
0.79 ± 0.02a 
0.48 ± 0.02a 
0.45 ± 0.03a 
0.53 ± 0.00a 
0.52 ± 0.02a 
768.56 ± 223.59a 
987.25 ± 291.99a 
1114.08 ± 493.93a 
958.21 ± 86.63a 
967.33 ± 284.98a 
929.18 ± 31.84a 
1225.83 ± 423.04a 
1105.09 ± 23.82a 
0.15 ± 0.00a,b,c,d 
0.13 ± 0.01a 
0.15 ± 0.02a,b,c,d 
0.17 ± 0.03c,d 
-41.07 ± 3.20a 
-26.32 ± 2.38a 
-61.10 ± 16.47a 
-60.12 ± 24.52a 
0.77 ± 0.00a 
0.75 ± 0.00a 
0.75 ± 0.03a 
0.76 ± 0.06a 
0.48 ± 0.02a 
0.52 ± 0.05a 
0.49 ± 0.03a 
0.50 ± 0.03a 
768.56 ± 223.59a 
686.76 ± 55.04a 
807.99 ± 161.89a 
728.72 ± 75.80a 
967.33 ± 284.98a 
903.92 ± 69.82a 
1024.34 ± 146.61a 
946.70 ± 4.96a 
0.15 ± 0.00a,b,c,d 
0.15 ± 0.01a,b,c 
0.14 ± 0.01a,b 
0.18 ± 0.01d 
-41.07 ± 3.20a 
-50.83 ± 11.90a 
-47.52 ± 37.48a 
-46.97 ± 18.83a 
0.77 ± 0.00a 
0.82 ± 0.05a 
0.75 ± 0.13a 
0.80 ± 0.03a 
0.48 ± 0.02a 
0.47 ± 0.02a 
0.48 ± 0.05a 
0.48 ± 0.00a 
768.56 ± 223.59a 
658.84 ± 228.62a 
1006.17 ± 639.08a 
1034.65 ± 14.69a 
967.33 ± 284.98a 
783.97 ± 229.56a 
789.27 ± 194.56a 
1294.04 ± 31.79a 
0.15 ± 0.00a,b,c,d 
0.13 ± 0.01a 
0.15 ± 0.01a,b,c,d 
0.16 ± 0.00b,c,d 
     
For each parameter evaluated, different lowercase superscript letters indicate significant differences between 
days of storage and between temperatures (p < 0.05).  
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Hardness and Gumminess 
According to the Tables 29, 30 and 31, unsalted cod samples exhibited lower hardness 
and gumminess values than samples salt-cured after 0 days in both positions analyzed (p 
< 0.05). Thus, it seems that the pickle-salting changed significantly the hardness and 
gumminess found in unsalted cod. Other authors also observed a progressive increase in 
muscle hardness during the salting process (Barat et al. 2003). They also reported that 
the texture changes were one of the most prominent alterations in fillets during the salting 
process, as a consequence of denaturation of the protein and liquid phase/protein matrix 
relationship (Barat et al. 2003). Therefore, the reduction of the water content and, 
consequently, the decrease of hydration of the fibrous proteins have also been mentioned 
as the cause of hardness increase (Lauritzsen et al. 2004a; Martínez-Alvarez and Gómez-
Guíllen 2006). Furthermore, the presence of ions of calcium or magnesium in the salt 
(Horner 1992; Lauritzsen et al. 2004a) and the lower pH of the muscle (Love 1988; 
Lauritzsen et al. 2004a) are also usually associated to higher firmness.  
 
During salt-curing at different temperatures for 76 days, the hardness and gumminess 
values generally increased in the loin part of the samples (fig. 21). However, such 
differences were only significant between samples salt-cured after 0 days and samples 
salt-cured at 12 ºC after 7, 31 and 76 days (p = 0.017, p = 0.010 and p = 0.00095, 
respectively) as well as from samples salt-cured at 18 ºC after 31 days (p = 0.0080) for 
hardness (Table 30). Differences were also significant between samples salt-cured after 0 
days and samples salt-cured at 6 ºC after 31 days (only slightly different, p = 0.047), at 12 
ºC after 76 days (p = 0.00045) and at 18 ºC after 31 days (p = 0.019) and between 
samples salt-cured at 6 ºC after 7 days and samples salt-cured at 6 ºC after 31 and 76 
days (p = 0.0051 and p = 0.026, respectively) for gumminess (Table 30).  
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Figure 21 - Hardness (A) and gumminess (B) values obtained from the TPA test in the loin part of 
samples salt-cured at different times and temperatures. Results represent average values of 
replicates (6.92 ≤ SD ≤ 369.07 for hardness values and 15.75 ≤ SD ≤ 166.21 for gumminess 
values). 
 
(A) 
(B) 
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Furthermore, a decrease of the hardness and gumminess values was found between 31 
and 76 days of salt-curing at 18 ºC (p = 0.024 and p = 0.045, respectively) in the loin part. 
Moreover, both hardness and gumminess values observed in the loin part of samples salt-
cured at 18 ºC after 76 days were lower than those values found in the loin part of 
samples salt-cured at 6 ºC and at 12 ºC after 76 days (p = 0.46 and p = 0.0028, 
respectively for hardness and p = 0.37 and p = 0.0010, respectively for gumminess) 
(Table 30 and fig. 21). Probably, the softening and the decrease of gumminess observed 
between 31 and 76 days of salt-curing at 18 ºC and the hardness and gumminess 
differences observed between samples salt-cured at different temperatures after 76 days 
(in the loin part) can be related to the higher number of halophilic bacteria found in 
samples salt-cured at 18 ºC after 76 days and, consequently, to the increase of 
proteolysis triggered by microbial growth. Other authors also referred that the red-
halophilic bacteria soften the fish texture (Aas et al. 2010). Additionally, Stoknes et al. 
(2005) observed a proteolytic degradation during salt-curing of the fish flesh which plays 
an important role in order to soften the texture of the fish. Moreover, it seems that the 
contribution of the microorganisms to the texture changes accompanying salt-curing was 
negligible in the other samples analyzed, as already mentioned by Vilhelmsson et al. 
(1996). Also, it has been mentioned that most consumers prefer salted fish to have a firm 
surface (Lauritzsen et al. 2004a). So, a quality loss was found only during salt-curing at 18 
ºC after 76 days, according to the hardness and gumminess parameters. 
   
Additionally, after 7 days of storage, the loin part of samples salt-cured at 6 ºC showed a 
significantly lower hardness and gumminess values than the loin part of samples salt-
cured at 12 ºC (p = 0.010 and p = 0.020, respectively) (Table 30 and fig. 21). Therefore 
and according to the hardness and gumminess values obtained in the loin part of salt-
cured samples, some significant differences between storage temperatures were found 
after 7 and 76 days of salt-curing.  
 
The maximum force (hardness) required to compress the salt-cured samples in the zone 
close to the tail and also the gumminess found in the same samples were similar during 
salt-curing at different temperatures for 76 days (p > 0.05, Table 31). Although, a slight 
increase of the hardness values was observed between 7 and 76 days of storage in the 
zone close to the tail of samples salt-cured at 18 ºC. Furthermore, samples salt-cured at 
18 ºC after 76 days exhibited the higher hardness and gumminess values obtained in the 
area close to the tail of salt-cured samples (Table 31). 
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According to the literature, the hardness/firmness increase of salt-cured cod was due 
mainly to denaturation and aggregation of the proteins and reduction in hydration of the 
fibrous proteins associated with salting out effects (Barat et al. 2003; Lauritzsen et al. 
2004a; Martínez-Alvarez and Gómez-Guíllen 2006). For example, Martínez-Alvarez and 
Gómez-Guíllen (2006) reported that the reduction of water content and the aggregating 
effect of the excess salt in the muscle protein considerably increased muscle firmness in 
dry-salted fillets. Bligh and Duclos-Rendell (1986) also confirmed the role of appreciable 
amounts of salt in hardening of cod. However, the water content found in samples salt-
cured at different temperatures was generally stable (around 58.5 %) throughout the 
storage time, as already mentioned (fig. 17A). For this reason, a possible denaturation of 
the proteins due to the high salt concentration found in the cod muscles was probably the 
main reason of the hardness and gumminess increases observed during salt-curing at 
different temperatures. 
 
Additionally, the hardness and gumminess values observed in samples salt-cured at 
different temperatures for 76 days were generally higher in the area close to the tail than 
in the loin part (Tables 30 and 31). However and according to these results, differences 
between the two positions analyzed were only significant in samples salt-cured at 18 ºC 
after 76 days (p = 0.0034 and p = 0.0039, respectively). These samples probably had less 
moisture in the area close to the tail than in the loin part. 
 
Therefore, the gumminess results (the product of hardness x cohesiveness) were 
generally consistent with the hardness results, as expected. It seems that both 
parameters can be seen as adequate quality indicators to assess differences between loin 
parts of samples salt-cured cod at different temperatures during 76 days. 
 
Adhesiveness, springiness, cohesiveness and chewiness 
The unsalted cod samples showed lower adhesiveness and chewiness values than 
samples salt-cured after 0 days in both positions analyzed. Differences were not 
significant (p > 0.05). Additionally, the springiness and the cohesiveness values observed 
in both positions analyzed of unsalted cod samples were similar to those values obtained 
in the loin part and in the area close to the tail of samples salt-cured after 0 days (p > 
0.05). Therefore, it seems that the pickle-salting did not influence the adhesiveness, 
springiness, cohesiveness and chewiness parameters. 
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As expected by the hardness results, an increase of the adhesiveness values was found 
during the first 31 days in the loin part of samples salt-cured at different temperatures. 
However, only the negative force area for the first bite (adhesiveness) found in the loin 
part of samples salt-cured after 0 days was significantly lower than that obtained in the 
same position of samples salt-cured at 6 ºC after 31 days (p = 0.019, Table 30). 
Furthermore, some increases of chewiness values were also found in the loin part during 
salt-curing at different temperatures for 76 days. But also in this case, only the loin part of 
samples salt-cured at 6 ºC after 31 days exhibited a higher significantly chewiness value 
than the loin part of samples salt-cured at 6 ºC after 0 and 7 days (p = 0.015 and p = 
0.00046, respectively) (Table 30). Taking into account the cohesiveness values observed 
in the loin part, some slight increases were also found during salt-curing at different 
temperatures for 76 days. ANOVA provided significant differences between: samples salt-
cured at 6 ºC after 7 days and samples salt-cured at 6 ºC after 31 and 76 days (p = 
0.0036 and p = 0.045, respectively); samples salt-cured at 12 ºC after 31 days and 
samples salt-cured at 12 ºC after 76 days (p = 0.021); samples salt-cured at 18 ºC after 7 
days and samples salt-cured at 18 ºC after 76 days (p = 0.037) (Table 30). These 
significant increases perhaps can be explained by an eventual denaturation and/or 
aggregation of the proteins. Furthermore, the adhesiveness, chewiness and cohesiveness 
values obtained in the loin part of samples salt-cured at 6 ºC after 31 days were the 
highest values observed during storage at different temperatures for 76 days (Table 30). 
On the other hand, a slight decrease of the cohesiveness values was found during the first 
7 days of storage at different temperatures in the loin part of salt-cured samples. 
However, this reduction which is related to the decrease in the muscle strength retention 
capacity after the first compression was only slightly significant in the loin part of samples 
salt-cured at 18 ºC (p = 0.024) (Table 30). Therefore, the adhesiveness, chewiness and 
cohesiveness values found in the loin part of samples salt-cured at different temperatures 
during 76 days were usually similar. So, it seems that these three parameters found in the 
loin part of samples were only slightly affected by salt-curing. 
 
Significant differences between storage temperatures regarding adhesiveness and 
chewiness found in the loin part of salt-cured samples were not found (p > 0.05, Table 
30). According to the cohesiveness values obtained in the loin part of salt-cured samples, 
differences between storage temperatures were only significant between samples salt-
cured at 6 ºC after 31 days and samples salt-cured at 12 ºC after 31 days (p = 0.011) 
(Table 30).  
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Significant differences between storage times and temperatures regarding both 
adhesiveness, chewiness and cohesiveness obtained in the area close to the tail and 
springiness found in both positions analyzed were not found (p > 0.05) (Tables 30 and 
31). However, samples salt-cured at 6 ºC after 31 days showed the highest ability to 
recover its original form in both positions analyzed during storage at different 
temperatures for 76 days. These samples also showed the higher cohesiveness and 
chewiness values found in the area close to the tail during salt-curing at different 
temperatures for 76 days. Furthermore, the springiness values found in both positions 
analyzed of samples salt-cured at different temperatures during 76 days were always 
above 0.70, thus, close to the total recovery (1) (Tables 30 and 31). The cohesiveness 
values found in both positions evaluated were always lower than 1 (Tables 30 and 31). As 
a consequence, the deformation of the first compression seems to be partly irrecoverable 
in both salt-cured samples (Veland and Torrisen 1999). 
 
According to the adhesiveness, chewiness and springiness values, differences between 
both positions analyzed were not found (p > 0.05). However, the cohesiveness values 
were slightly higher in the loin part than in the area close to the tail of samples salt-cured 
at different temperatures for 76 days. Such difference was significant in samples salt-
cured after 0 days (p = 0.023) and in samples salt-cured at 12 ºC and at 18 ºC after 76 
days (p = 0.012 and p = 0.023, respectively) (Tables 30 and 31). 
 
Therefore, the adhesiveness, chewiness, springiness and cohesiveness parameters did 
not seem to be adequate quality indicators to assess differences between samples salt-
cured at different temperatures during 76 days. 
 
Resilience 
Taking into account the Tables 29, 30 and 31, unsalted cod samples exhibited higher 
resilience values than samples salt-cured after 0 days in the loin part and in area close to 
the tail (p = 0.026 and p = 0.0012, respectively). Thus, it seems that the pickle-salting 
changed significantly the resilience found in unsalted cod. This texture change probably 
can be explained by denaturation of proteins due to high salt content found in salted cod 
samples and by decrease of hydration of the fibrous proteins due to the reduction of the 
water content observed in the same samples. 
 
According to this textural property, only some slight differences between storage times 
were found in both positions evaluated of salt-cured samples (Tables 30 and 31). During 
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storage at 6 ºC, the loin part of samples salt-cured after 7 days showed a resilience value 
significantly lower than those values found in the loin part of samples salt-cured after 0, 31 
and 76 days (p ≤ 0.0082). Furthermore, a slight but significant increase was observed 
between 7 and 76 days of salt-curing at 6 ºC (p ≤ 0.046). However, the values found after 
31 and 76 days of salt-curing at 6 ºC were similar to the value obtained after 0 days of 
salt-curing at 6 ºC in the loin part (p ≥ 0.27). During storage at 12 ºC only samples salt-
cured after 76 days showed a resilience value slightly higher than the other values 
obtained in the loin part (p ≤ 0.046) (Table 30 and fig. 22). Moreover, differences between 
storage times during salt-curing at 18 ºC were not found in the loin part.  
According to the resilience values found in the area close to the tail, significant differences 
between storage times were as follow: samples salt-cured at 6 ºC and at 18 ºC after 7 
days exhibited resilience values slightly lower than samples salt-cured at 6 ºC and at 18 
ºC after 76 days (p = 0.0019 and p = 0.011, respectively) and samples salt-cured at 12 ºC 
after 76 days showed a resilience value slightly higher than samples salt-cured at 12 ºC 
after 7 and 31 days (p = 0.038 and p = 0.0069, respectively) (Table 31). Therefore, the 
resilience values found in both positions analyzed also changed little during salt-curing at 
different temperatures and the slight significant differences observed perhaps can be 
explained again by a possible denaturation and aggregation of the proteins. So, it seems 
that the resilience values observed in both positions analyzed of samples were only 
marginally affected by salt-curing. 
 
As observed for hardness and gumminess values, some significant differences between 
storage temperatures were only found after 7 and 76 days of salt-curing in the loin part of 
samples, in accordance to resilience values. After 7 days of storage, the loin part of 
samples salt-cured at 6 ºC showed a slight lower resilience value than the loin part of 
samples salt-cured at 12 ºC (p = 0.015). Moreover, the loin part of samples salt-cured at 
18 ºC after 76 days exerted a lower force during the decompression cycle that could be 
related to a less elastic behavior than the loin part of samples salt-cured at 6 ºC and at 12 
ºC after 76 days (p = 0.0057 and p = 0.00072, respectively) (Table 30 and fig. 22). 
Probably, these differences found after 76 days can be related again to the higher number 
of halophilic bacteria found in samples salt-cured at 18 ºC after 76 days and, 
consequently, to the increase of proteolysis triggered by microbial growth. Therefore, 
samples salt-cured at 18 ºC after 76 days can be considered as showing lower quality in 
the loin part, according to the resilience parameter.  
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Figure 22 - Resilience values obtained from the TPA test in the loin part of samples salt-cured at 
different times and temperatures. Results represent average values of replicates (0.01 ≤ SD ≤ 
0.03). 
 
Generally, the resilience values observed in samples salt-cured at different temperatures 
for 76 days were slightly higher in the loin part than in the area close to the tail (Tables 30 
and 31). However, differences between the two positions analyzed were only significant in 
samples salt-cured at 6 ºC and at 12 ºC after 76 days (p = 0.034 and p = 0.013, 
respectively). Furthermore, resilience values were smaller than 0.5 in all samples 
analyzed (both positions) (Tables 30 and 31), meaning the samples did not recover 
completely its original thickness after compression, or recovered it with less force or 
speed than when it was compressed (Veland and Torrisen 1999). 
 
Using the texture method adopted in this work (TPA), the resilience as well as the 
hardness and gumminess seem to be the most appropriate parameters to assess 
instrumentally the quality of products salt-cured at different temperatures during 76 days 
mainly in the loin part. 
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3.1.3 Microbiological analyses 
According to the microbial results, the raw material was considered a safe product without 
changes that could harm its commercial value. These results are shown in Table 32. 
 
Table 32 - Microbiological parameters evaluated in unsalted cod samples. Results represent 
average values ± standard deviations.  
 
 
Microbiological Parameter 
 
Unsalted cod  
(log CFU/g) 
 
Mesophilic total viable counts 
 
4.69 ± 0.01 
Psychrotrophic total viable counts 4.06 ± 0.06 
Mesophilic proteolytic bacteria 4.59 ± 0.02 
Psychrotrophic proteolytic bacteria 4.35 ± 0.05 
Halophilic bacteria 0.00 ± 0.00 
Yeasts and molds 2.68 ± 0.20 
Enterobacteria (Mes. and Psych.) 
Coagulase positive S. aureus 
0.00 ± 0.00 
0.00 ± 0.00 
 
Counts of coagulase-positive Staphylococcus aureus, enterobacteria and yeasts 
and molds 
The natural reservoir for Staphylococcus aureus is human skin, hair and superficial 
mucous membranes (nose), while it is not a part of the normal flora on fish and fish 
product. Moreover, it has been mentioned that seafood may be contaminated with 
Staphylococcus via infected food handlers or from the environment. More often the 
contamination is from an individual with an infection on hands or with a cold or sore throat. 
The disease caused by S. aureus is an intoxication (Huss 1994). Human intoxication is 
caused by ingesting enterotoxins produced in food by some strains of S. aureus, usually 
because the food has not been kept hot enough (60 ºC or above) or cold enough (7.2 ºC 
or below) (FDA 1999b). Common symptoms, which may appear within 2-4 hours of 
consumption of contaminated foods, are nausea, vomiting and sometimes diarrhea. 
Symptoms usually persist for no more than 24 hours, but in severe cases, dehydration 
can lead to shock and collapse (Huss 1994).  
Pedro et al. (2004) observed that Staphylococcus aureus was the main contaminant of 
dried and wet salted cod samples, presenting levels as high as 10 to 102 
microorganisms/g, suggesting lack of hygienic conditions during handling. These findings 
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are not surprising as this kind of product is often handled under little hygienic conditions, 
and Gram-positive cocci, which are generally resistant to low aw values (able to grow at 
water activities as low as 0.86) and high NaCl content (maximum of 10 % to 15 % salt 
content) (halotolerant), can survive if contamination occurs (Huss 1994; Pedro et al. 
2004). These facts justified the study of these organisms in salted cod products. However, 
these mesophilic bacteria were not found in all samples analyzed in the current work, 
reflecting the good hygienic conditions taken during the pickle-salting and salt-curing 
processes. In the study of Rodrigues et al. (2003), Staphylococcus aureus were also not 
found in wet salted cod products. 
 
Enterobacteriaceae family includes important food spoilage agents and certain intestinal 
pathogens such as Salmonella spp., Shigella spp., Escherichia coli, etc. The 
Enterobacteriaceae are all occurring on fish products as a result of contamination from the 
animal/human reservoir. This contamination has normally been associated with fecal 
contamination or pollution of natural waters or water environments, where these 
organisms may survive for a long time (months) or through direct contamination of 
products during processing. Therefore, it has been referred that good personal hygiene 
and health education of food handlers are also essential in the control of diseases (e.g. 
gastroenteritis) caused by Enterobacteriaceae (Huss 1994).  
No sample evaluated in the present study showed contamination by Enterobacteria 
(psychrotrophic and mesophilic). In salt-cured samples, these results probably may be 
ascribed to the higher salt content (above 18 %, fig. 17B) and to the low aw (Table 13) 
found in these samples. Huss (1994) also stated that the Enterobacteriaceae family does 
not tolerate and, consequently, is inhibited in the presence of high salt levels. For 
example, Salmonella only grow with a maximum of 4 % to 5 % NaCl and a minimum aw of 
0.94 and E. coli with a maximum of 6 % NaCl and a minimum aw of 0.95 (Huss 1994). 
Pedro et al. (2004) also found that no E. coli was recovered from wet/dried salted cod 
samples, with approximately 18 % NaCl content. 
 
Yeasts and molds are also reported as dominating flora of salt-cured products (Huss 
1994). According to Gram and Huss (1996), the sensory manifestation of the growth of 
molds and yeasts is the large visible pigmented or non-pigmented colonies. Additionally, 
Huss (1994) mentioned that some halophilic molds are also classified as spoilers. They do 
not produce off-odors but their presence detracts from the value of the product because of 
their undesirable appearance (Huss 1994). In unsalted cod samples, the level of yeasts 
and molds was approximately 3 log CFU/g. During salt-curing, these levels were even 
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lower (below 1.50 log CFU/g, Table 33), probably due to the low aw and high salt content 
found in salt-cured products (see Table 13 and fig. 17B). Therefore, the number of yeasts 
and molds in all cod samples analyzed was always low and never exceeded 3 log CFU/g 
(Table 33). So, the low presence of these microorganisms was not considered relevant for 
detract the value of the cod products evaluated. 
 
Table 33 - Counts of yeasts and molds in samples salt-cured at different temperatures (6, 12 and 
18 ºC) during 76 days. Results represent average values ± standard deviations. 
 
 
Storage time 
(days) 
 
Storage  temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Yeasts and molds 
(Log CFU/g) 
 
    
0 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 
7  0.00 ± 0.00 0.00 ± 0.00 1.00 ± 0.00 
31 1.30 ± 0.00 1.30 ± 0.00 1.30 ± 0.00 
76 0.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 
 
Total viable counts (TVC) and proteolytic bacteria  
Total viable count (TVC) is defined as the number of bacteria (CFU/g) in a food product 
obtained under optimal conditions of culturing. Thus, TVC is by no means a measure of 
the “total” bacterial population, but only a measure of the fraction of the microflora able to 
produce colonies in the medium used under the conditions of incubation. Moreover, the 
TVC does not differentiate between types of bacteria (Huss 1994). Therefore, TVC was 
determined in the current study for measuring the conditions of the raw material, 
effectiveness of the procedures, hygiene conditions during processing, sanitary conditions 
of equipment and utensils and time vs temperature profile during storage (Huss 1994). 
Additionally, the number of proteolytic bacteria was measured as an indicator of spoilage 
(Huss 1995). The evolution of mesophilic and psychrotrophic bacteria (TVC and 
proteolytic bacteria) over the whole storage period can be observed, respectively, in 
Tables 34 and 35.  
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Table 34 - Counts of mesophilic bacteria (total viable counts and proteolytic bacteria) observed in 
samples salt-cured at different temperatures (6, 12, 18 ºC) for 76 days. Results represent average 
values ± standard deviations. 
 
 
Storage time 
(days) 
 
Storage  temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
Mesophilic total 
viable counts 
(Log CFU/g) 
 
 
Mesophilic 
proteolytic bacteria 
(Log CFU/g) 
 
0 
7 
31 
76 
 
0 
7 
31 
76 
 
4.95 ± 0.04a 
4.14 ± 0.12c 
4.53 ± 0.05b 
5.01 ± 0.01a 
 
5.13 ± 0.04a 
4.27 ± 0.03b 
4.68 ± 0.02c,d 
4.76 ± 0.06d 
 
4.95 ± 0.04a 
5.08 ± 0.03a 
4.53 ± 0.17b 
4.27 ± 0.03c 
 
5.13 ± 0.04a 
4.99 ± 0.03g 
4.42 ± 0.06f 
4.28 ± 0.02b 
 
4.95 ± 0.04a 
4.54 ± 0.07b 
5.58 ± 0.03d 
4.99 ± 0.09a 
 
5.13 ± 0.04a 
4.58 ± 0.02c 
5.35 ± 0.01e 
5.28 ± 0.00e 
     
For each microbial parameter, different lowercase superscript letters indicate significant differences between 
days of storage and temperatures (p < 0.05). 
 
The number of mesophilic bacteria (TVC and proteolytic bacteria) found in unsalted cod 
samples only increased slightly after pickle-salting (0.26 and 0.55 log CFU/g, respectively) 
(p = 0.0034 and p = 0.00015, respectively) (Tables 32 and 34). During salt-curing at 
different temperatures, the number of mesophilic TVC ranged from 4.14 to 5.58 log CFU/g 
and the number of proteolytic bacteria ranged from 4.27 to 5.35 log CFU/g. Therefore, the 
levels of these bacteria changed little over the whole storage period (Table 34). Moreover, 
the values of mesophilic bacteria (TVC and proteolytic bacteria) observed in samples salt-
cured at 6 ºC and at 12 ºC after 7, 31 and 76 days were similar or slightly lower than the 
value obtained in samples salt-cured after 0 days (Table 34). Thus, it seems that these 
mesophilic bacteria did not grow but survived during salt-curing at 6 ºC and at 12 ºC. 
During salt-curing at 18 ºC, it was observed a slight decrease of mesophilic bacteria (TVC 
and proteolytic bacteria) after the first 7 days (0.40 and 0.55 log CFU/g, respectively) (p = 
0.00017 and p = 0.00014, respectively). Then, the only increase of these bacteria (1.03 
and 0.77 log CFU/g, respectively) was seen between 7 and 31 days of salt-curing at 18 ºC 
(p = 0.00014 in both cases). Additionally, samples salt-cured at 18 ºC after 31 days 
showed the higher value of mesophilic TVC (5.58 log CFU/g) and proteolytic bacteria 
(5.35 log CFU/g) obtained throughout the salt-curing processes (Table 34). The number of 
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mesophilic proteolytic bacteria found in these samples was similar to those number 
obtained in samples salt-cured at 18 ºC after 76 days (p = 0.510) and was only slightly 
higher (0.22 log CFU/g) than those number observed in samples salt-cured at 18 ºC after 
0 days (Table 34). Furthermore, the value of mesophilic TVC found in samples salt-cured 
at 18 ºC after 76 days was similar to the value obtained in samples salt-cured at 18 ºC 
after 0 days (p = 1.00) (Table 34). Therefore, it seems that the number of mesophilic 
bacteria obtained in samples salt-cured at 18 ºC also changed little during the whole 
storage. Probably, these bacteria were not growing, but surviving, as reported for samples 
salt-cured at 6 ºC and at 12 ºC. This may be related to the high salt content and to the low 
aw found in samples salt-cured at different temperatures for 76 days.  
 
According to the mesophilic bacteria (TVC and proteolytic bacteria), the most relevant 
differences obtained between storage temperatures were seen after 31 and 76 days of 
salt-curing. After salt-curing for 31 days, the number of mesophilic bacteria (both TVC and 
proteolytic bacteria) found in samples salt-cured at 18 ºC was significantly higher 
(approximately 1 log CFU/g) than the number of those bacteria observed in samples salt-
cured at 6 ºC and at 12 ºC (p = 0.00014 in both cases). Moreover, the number of 
proteolytic bacteria found in samples salt-cured at 18 ºC after 76 days was also 
significantly higher than the number of this bacteria obtained in samples salt-cured at 6 ºC 
and at 12 ºC after 76 days (1.00 and 0.52 log CFU/g, respectively) (p = 0.00014 in both 
cases). Therefore, some influence of the higher temperature was observed in the number 
of these mesophilic bacteria.  
Generally, the levels of psychrotrophic flora were lower than the levels of mesophilic flora 
(Tables 34 and 35). 
 
Table 35 - Evolution of psychrotrophic bacteria (total viable counts and proteolytic bacteria) in 
samples salt-cured at different temperatures (6, 12, 18 ºC) during 76 days. Results represent 
average values ± standard deviations. 
 
 
Storage time 
(days) 
 
Storage  temperature 
 6 ºC 12 ºC 18 ºC 
 
Psychrotrophic 
total viable counts 
(Log CFU/g) 
 
 
0 
7 
31 
76 
 
4.07 ± 0.17d,e,f 
3.41 ± 0.09b 
4.19 ± 0.11e,f 
4.99 ± 0.01g 
 
4.07 ± 0.17d,e,f 
5.07 ± 0.04g 
3.68 ± 0.21b,c,d 
3.64 ± 0.04b,c 
 
4.07 ± 0.17d,e,f 
4.34 ± 0.14f 
3.90 ± 0.10c,d,e 
1.80 ± 0.20a 
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Storage time 
(days) 
 
Storage  temperature 
 6 ºC 12 ºC 18 ºC 
 
Psychrotrophic 
proteolytic bacteria 
(Log CFU/g) 
 
0 
7 
31 
76 
 
4.45 ± 0.03f 
4.26 ± 0.04e 
4.44 ± 0.04f 
4.32 ± 0.02e,f 
 
4.45 ± 0.03f 
5.13 ± 0.05g 
3.96 ± 0.11d 
3.68 ± 0.02b 
 
4.45 ± 0.03f 
4.43 ± 0.00f 
3.82 ± 0.04c 
0.00 ± 0.00a 
     
For each microbial parameter, different lowercase superscript letters indicate significant differences between 
days of storage and temperatures (p < 0.05). 
 
The number of psychrotrophic bacteria (TVC and proteolytic bacteria) obtained in unsalted 
cod samples was similar to the number of these bacteria observed in samples salt-cured 
after 0 days (p = 1.00 and p = 0.40, respectively) (Tables 32 and 35). Therefore, the 
pickle-salting did not change the level of psychrotrophic bacteria found in the raw material. 
During salt-curing at different temperatures, the number of psychrotrophic bacteria (TVC 
and proteolytic bacteria) ranged respectively, from 1.80 to 5.07 log CFU/g and from 0.00 
to 5.13 log CFU/g. A significant increase of psychrotrophic TVC (1.58 log CFU/g) was 
found between 7 and 76 days of salt-curing at 6 ºC (p = 0.00015 in both cases). Moreover, 
the number of psychrotrophic TVC obtained in samples salt-cured at 6 ºC after 76 days 
was significantly higher than the number of these bacteria found in samples salt-cured at 
6 ºC after 0, 7 and 31 days (p = 0.00015 in both cases). However, during the first 31 days 
of salt-curing at 6 ºC, the number of psychrotrophic TVC was around 4 log CFU/g, 
showing no growth during that time. Furthermore, the number of psychrotrophic proteolytic 
bacteria found in samples salt-cured at 6 ºC remained practically stable (around 4.4 log 
CFU/g) during salt-curing (Table 35). 
During salt-curing at 12 ºC, the number of psychrotrophic bacteria (TVC and proteolytic 
bacteria) observed in salt-cured samples was also approximately 4 log CFU/g. Only the 
psychrotrophic bacteria (TVC and proteolytic bacteria) obtained in samples salt-cured at 
12 ºC after 7 days presented a higher value (Table 35).  
The number of psychrotrophic bacteria (TVC and proteolytic bacteria) decreased 
significantly in samples salt-cured at 18 ºC after 7 days (p ≤ 0.0099), practically 
disappearing after 76 days (Table 35). This fact comproved that the temperature used 
during incubation of plates greatly influences the number of colonies developing from the 
same sample, as reported by Huss (1994). Therefore, the great temperature difference 
found between incubation temperature (6.5 ºC) and storage temperate (18 ºC) probably is 
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the reason of the decrease of the number of psychrotrophic bacteria (TVC and proteolytic 
bacteria) observed in samples salt-cured at 18 ºC. 
 
According to the psychrotrophic bacteria (TVC and proteolytic bacteria), differences 
between storage temperatures were also relevant after 31 and 76 days of salt-curing. 
After 31 days, the number of these bacteria obtained in samples salt-cured at 6 ºC was 
higher than those number found in samples salt-cured at 12 ºC (p = 0.0060 and p = 
0.00014, respectively) and at 18 ºC (p = 0.31 and p = 0.00014, respectively). Furthermore, 
the results of psychrotrophic bacteria (TVC and proteolytic bacteria) observed in samples 
salt-cured at different storage temperatures after 76 days were significantly different from 
each other (p = 0.00014 in both cases). Therefore, the psychrotrophic bacteria remained 
more time in samples salt-cured at 6 ºC (chilled conditions) than in samples salt-cured at 
12 ºC and at 18 ºC (Table 35). Rodrigues (2006) also mentioned that the psychrotrophic 
bacteria can remain a long time in processed chilled foods. 
 
In general, it seems that the growth of psychrotrophic bacteria (TVC and proteolytic 
bacteria) was also inhibited during the salt-curing at different temperatures due probably 
to the same specific factors referred above for mesophilic bacteria (high salt content and 
low aw found in salt-cured samples). Additionally, the storage temperature also influenced 
the pattern of psychrotrophic bacteria observed in samples salt-cured at 18 ºC during 76 
days, as already referred. 
 
All colonies of psychrotrophic proteolytic bacteria selected were considered Gram-
negative, in accordance to the Gram reaction test (KOH method). Huss and Valdimarsson 
(1990) reported that an aw of 0.93 is the growth limit of almost all Gram-negative 
microflora. Considering the aw of wet salted cod (Table 13) and the statement of Huss and 
Valdimarsson (1990), we can conclude again that the psychrotrophic proteolytic bacteria 
found in salt-cured samples were not actually growing but surviving. The same was 
mentioned by Rodrigues et al. (2003) for the microflora observed in wet salted cod. 
Furthermore, the presence of alive but non-growing bacteria observed in salt-cured fish is 
in accordance with other reported studies (Vilhelmson et al. 1996, 1997; Bjørkevoll et al. 
2003; Barat et al. 2006; Lorentzen et al. 2010a; Aas et al. 2010). For example, Bjorkevoll 
et al. (2003) reported that Psychrobacter sp. are able to survive as non-growing cells 
during the salt-curing process. 
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Additionally, mesophilic and psychrotrophic bacteria (TVC and proteolytic bacteria) found 
in all cod samples analyzed never reached the limits considered for acceptability (106 
CFU/g for mesophilic bacteria (Pascual and Calderón 2000) and 107 CFU/g for 
psychrotrophic bacteria (Dalgaard et al. 1993). So, the products evaluated during salt-
curing at different temperatures can be seen as safe, in accordance to the levels of these 
bacteria.  
Finally, it has been shown that 95 % to 100 % of the total mesophilic flora exhibited 
proteolytic activity and 87 % to 100 % of the total psychrotrophic flora presented 
proteolytic activity.  
 
Halophilic bacteria 
Before discussing the halophilic bacteria results it might be helpful to look at how bacteria 
have been classified according to their salt requirements. Non-halophilic bacteria grow 
best at salt concentrations under 2 %, slight halophiles at 2-5 %, moderate halophiles at 
5-20 % and extreme halophiles over 20 % (DasSarma and Arora 2001). The red-halophilic 
bacteria, which are referred to by the industry as "pink" (Huss and Valdimarsson 1990), 
are extreme halophiles and include two genera; Halobacterium and Halococcus. Both 
groups can cause the proteolytic spoilage of salted fish (Adams and Moss 2008). 
Therefore, the high salt content (above 18 %, fig. 17B) and the reduced aw (close 0.75, 
Table 13) found in salt-cured samples can have stimulated the growth of moderate and/or 
extreme halophiles (Huss and Valdimarsson 1990) in these samples. 
 
As observed in Table 32, unsalted cod samples did not contain any halophilic bacteria but 
after pickle-salting, the number of these bacteria increased significantly (p = 0.00015), 
reaching approximately 4 log CFU/g in wet salted cod. Then, the number of halophilic 
bacteria continued to increase significantly (p = 0.00015) during salt-curing, reaching 6.49, 
7.53 and 8.76 log CFU/g, respectively in samples salt-cured at 6, at 12 and at 18 ºC after 
76 days (fig. 23). Furthermore, different values of halophilic bacteria were only not 
significant between samples salt-cured at 6 ºC after 0 days and samples salt-cured at 6 ºC 
after 7 days (p = 1.00), which proved that these bacteria took a little longer to grow in 
samples salt-cured at 6 ºC. So, it seems that as soon as the cod samples came into 
contact with the salt, they became contaminated with such bacteria, probably originating 
from the salt, as already referred by Magnússon (2006). Vilhelmsson et al. (1996) also 
reported that the moderately halophilic bacteria were present in far greater numbers in 
fully cured cod than in either fresh cod. Moreover, Aas et al. (2010) also mentioned that 
the origin of the halophilic bacteria is solar salt, which is used in the production (salting 
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process). Additionally, it has been stated that the red-halophilic bacteria (“pink”) may be 
introduced, beyond with the salt, via contamination from poorly cleaned equipment and 
utensils used during processing. So, prevention measures are good factory hygiene and 
sanitation (Huss 1994). 
 
 
 
Figure 23 – Evolution of halophilic bacteria in samples salt-cured at different temperatures (6, 12, 
18 ºC) during 76 days. Red lines indicate the limit of acceptability. 
 
Counts of halophilic bacteria found in salt-cured cod samples varied according to the 
storage temperature, in the following order: 6 ºC < 12 ºC < 18 ºC (fig. 23). Aas et al. 
(2010) also showed that higher red-halophilic bacteria levels were found in cod samples 
stored with interrupted (20 ºC for 8 h twice a month for 4 months) cold storage than in cold 
stored (4 ºC) samples after 2, 4 and 12 months. Other authors also reported that the 
storage temperature is the most important factor affecting the rates of microbiological and 
biochemical changes (Duun and Rustad 2007; Nguyen et al. 2011a).  
 
During salt-curing at different temperatures, all samples presented bacteria forming 
yellow, orange or brownish colonies on halophilic agar. Vilhelmsson et al. (1996) showed 
that a normally cured cod was characterized by high counts of moderately halophilic 
bacteria, ranging from 103 to 107 per g. Some of these moderately halophilic bacteria were 
seen as “quite destitute of any purple or rose color” or “always colorless” (Vilhelmsson et 
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al. 1996). Additionally, Pétursson (1933), as cited by Vilhelmsson et al. (1996), inoculated 
salted fish with some moderately halophilic isolates and when stored such isolates at 29 
ºC for 3 months, he found them to turn brownish. Also, Magnússon et al. (2006) 
mentioned that, as storage progressed, numbers of red-halophiles bacteria were 
overtaken by bacteria forming white and yellow colonies. Therefore, and according to the 
literature, the bacteria forming yellow, orange or brownish colonies on halophilic agar 
probably were moderately halophilic bacteria. Moreover, it has been stated that moderate 
halophiles were isolated from salted fish, but these bacteria could not be shown to be 
those causing the reddening and associated spoilage (Vilhelmsson et al. 1996). Thus, the 
moderately halophilic bacteria found in the current study were considered halophilic 
bacteria responsible for maturation of the salt-cured products. Furthermore, the bacteria 
forming red colonies on halophilic agar (undesirable in salt-cured products) were absent in 
samples salt-cured at 6 ºC during the whole storage and in samples salt-cured at 12 ºC 
and at 18 ºC after 0, 7 and 31 days. However, after 76 days of salt-curing, samples salt-
cured at 12 ºC and at 18 ºC had beyond the halophilic bacteria possibly responsible for 
maturation, red-halophilic bacteria considered responsible for “pink”. Such bacteria were 
able to form visible red color on the fish flesh (visible to naked eye) in samples salt-cured 
at 18 ºC after 76 days (fig. 24). Thus, the growth of red-halophilic bacteria was slow in 
salt-cured samples and only happened at temperatures above 6 ºC. Larsen (1984), as 
pointed out by Aas et al. (2010) also referred that the red-halophilic bacteria grow slowly 
at temperatures between 15 and 20 ºC. Furthermore, Aas et al. (2010) mentioned that the 
typical reddish color of red-halophilic bacteria was detected on the fish after 7-8 weeks at 
18 ± 2 ºC, but before that time, these samples were stored for 5 months usually at 4 ºC. 
Additionally, Magnússon (2006) reported that salted cod fillets containing about 20 % of 
salt content and kept for up to 330 days of storage at 5 ºC never showed any signs of 
"pink" color. 
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Figure 24 – Cod samples salt-cured at 18 ºC after 76 days showing reddening (“pink”)  caused by 
the growth of extremely halophilic bacteria. 
 
According to Aas et al. (2010), the amount of red-halophilic bacteria needed to form 
visible red color on the fish flesh has been observed to be approximately 107 CFU/g. In 
the current study, samples salt-cured at 18 ºC after 76 days showed reddening (visible to 
naked eye) with an amount of red-halophilic bacteria of approximately 106 CFU/g. For this 
reason, 106 CFU/g of red-halophilic bacteria was used as the limit for the evaluation of 
microbial spoilage. Therefore, cod products stored at 18 ºC after 76 days were considered 
spoiled. Huss and Valdimarsson (1990) also reported that the extremely halophilic 
bacteria were considered spoilage organisms that give rise to problems during storage of 
salted cod. Furthermore, the amount of red-halophilic bacteria was observed to be at least 
105 CFU/g in samples salt-cured at 12 ºC after 76 days. Thus, these samples seem to be 
close to spoilage. Moreover, the number of halophilic bacteria responsible for maturation 
exceeded 6 log CFU/g in samples salt-cured at 6 ºC after 76 days and reached 6 and 7 
log CFU/g after 31 days, respectively in samples salt-cured at 12 ºC and 18 ºC (fig. 23). 
 
In summary, the salt-curing should not be done at temperatures above 6 ºC to avoid the 
spoilage of salt-cured samples by halophilic bacteria. Bjarnason (1986) also stated that 
the recommended curing temperature is 6 to 10 ºC and Huss (1994) referred that if 
possible the storage should be performed at temperatures lower than 10 ºC. So, samples 
salt-cured at 6 ºC were considered very stable products from microbiological point of view. 
 
Microbiological analyses - Overview 
According to the halophilic bacteria results, it seems that growth was influenced by 
storage time and temperature. Furthermore, the microbial results showed that the 
halophilic bacteria were the most problematic during salt-curing. Moreover, the number of 
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mesophilic and psychrotrophic bacteria (TVC and proteolytic bacteria) found in salt-cured 
samples were below the considered acceptability limit and probably, these bacteria were 
not actually growing but surviving at low water activities and high salt content. 
 
3.1.4 Sensory analysis 
According to the fig. 25, the raw material evaluated in the current work was considered of 
good quality. Therefore, unsalted cod samples were pointed out by the panel with high 
intensity of fresh odor (67.1 % of the scale), above the considered acceptability limit (50 % 
of the scale, 6-cm), and low intensity of not characteristic odor and mucus (23.3 % and 4.9 
% of the scale, respectively), below the considered acceptability limit for negative 
attributes (40 % of the scale, 4.8-cm) (fig. 25). Globally, the panel described the not 
characteristic odor as sweetish and/or meat (slight), but one assessor also mentioned a 
blood odor for raw material.  
On the other hand, the panel revealed that the raw material had some intensity of 
brightness (50.9 % of the scale) and considered mostly the white color for this type of 
product (52.6 % of the scale) (fig. 25). Generally, the assessors (75 %) described the 
intensity of white color observed in unsalted cod samples as whiteness. However, the 
cream color was also pointed by the panel for the raw material (44.7 % of the scale) (fig. 
25).  
 
Figure 25 - Intensity of sensory attributes (cm) evaluated in the raw material (unsalted cod). 
Results represent mean values ± standard deviations.  
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Fig. 26 and Table 36 show the results of the sensory analysis (odor, color, brightness and 
mucus) found in samples salt-cured at different temperatures (6, 12 and 18 ºC) during 76 
days. 
 
For each binomial time/temperature evaluated, the panel rarely detected differences 
between the two halves of the two split fishes assessed throughout the salt-curing 
experiments.  
 
Odor (fresh and not characteristic) 
The intensity of fresh odor found in samples salt-cured at different temperatures (6, 12 
and 18 ºC) was inversely related with the increase of storage period. Additionally, the 
intensity of not characteristic odor, an indicator of low quality of the product, increased 
generally in samples salt-cured at different temperatures with increase of the storage time. 
Such changes were more pronounced in samples salt-cured at 18 ºC (fig. 26). 
 
According to the intensity of fresh odor, differences between storage times were 
significant between samples salt-cured after 0 days and samples salt-cured at 6 ºC after 
76 days (p = 0.0056), at 12 ºC and at 18 ºC after 31 and 76 days (p ≤ 0.0026). Moreover, 
the intensity of fresh odor found in samples salt-cured at 18 ºC after 76 days were also 
significantly lower than those intensity obtained in samples salt-cured at 18 ºC after 7 and 
31 days (p = 0.00016 in both cases) (fig. 26A).   
Taking into account the intensity of not characteristic odor, differences between storage 
times were significant between: samples salt-cured at 6 ºC after 76 days and samples 
salt-cured at 6 ºC after 0 and 31 days (p = 0.029 and p = 0.042, respectively); samples 
salt-cured at 12 ºC after 76 days and samples salt-cured at 12 ºC after 0, 7 and 31 days (p 
= 0.00015, p = 0.00054 and p = 0.032, respectively); and samples salt-cured at 18 ºC 
after 76 days and samples salt-cured at 0, 7 and 31 days (p = 0.00013 in both cases).    
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Figure 26 – Intensity of odor ((A) fresh and (B) not characteristic) (cm) assessed in samples salt-
cured at different temperatures (6, 12, 18 ºC) for 76 days. Results represent mean values of 
replicates (0.00 ≤ SD ≤ 2.57 for fresh odor and 0.00 ≤ SD ≤ 2.89 for not characteristic odor). Red 
line indicates the limit of acceptability.  
 
(A) 
(B) 
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During 76 days of salt-curing, the panel scored the samples stored at refrigeration 
temperature with higher intensity of fresh odor and lower intensity of not characteristic 
odor compared to the corresponding samples stored at 12 ºC and at 18 ºC (fig. 26). 
However, and according to the intensity of odor (fresh and not characteristic), differences 
between storage temperatures were only significant after 76 days of salt-curing between 
samples salt-cured at 18 ºC and samples salt-cured at 6 ºC and at 12 ºC (p = 0.0023 and 
p = 0.0095 for fresh odor, respectively and p = 0.00013 in both cases for not characteristic 
odor).  
 
The acceptability limits considered for positive and negative attributes were respectively, 6 
cm, corresponding to 50 % of the scale and 4.8 cm, representing 40 % of the scale. So, 
the samples that showed an intensity of fresh odor (positive attribute) below the 
considered acceptability limit were as follow: samples salt-cured at 6 ºC after 76 days 
(40.9 % of the scale), samples salt-cured at 12 ºC after 31 and 76 days (38.6 % and 36.6 
% of the scale, respectively) and samples salt-cured at 18 ºC after 31 and 76 days (41.9 
% and 0.0 % of the scale, respectively). Furthermore, the intensity of fresh odor found in 
samples salt-cured at 18 ºC after 7 days was close to the acceptability limit (51.7 % of the 
scale) (fig. 26A). Additionally, the intensity of not characteristic odor obtained in samples 
salt-cured at 18 ºC after 76 days also exceeded the considered acceptability limit (92.6 % 
of the scale). The intensity of not characteristic odor found in samples salt-cured at 12 ºC 
after 76 days reached the acceptability limit (39.8 % of the scale) (fig. 26B). Therefore, 
samples salt-cured at 18 ºC after 76 days were those that exhibited the lowest intensity of 
fresh odor and the highest intensity of not characteristic odor. Globally, the assessors 
indicated the product salt-cured at 18 ºC after 76 days with sour, ammoniacal, sulphidric, 
putrid and sweetish odor. The intensity of not characteristic odor obtained in samples salt-
cured at 12 ºC and at 18 ºC after 76 days probably was caused by the high number of red-
halophilic bacteria found in these samples. Other authors also reported that some extreme 
halophiles among the spoilage bacteria (Halococcus and Halobacterium) cause off-odors 
in salted fish (Huss 1994; Gram and Huss 1996) normally associated with spoilage 
(hydrogen sulphide and indole) (Huss 1994). Gram and Huss (1996) also stated that the 
spoilage is more often seen as a result of the production of off-odors caused by bacterial 
metabolism. Therefore, the salt-curing process at higher temperatures can favor the 
growth of strains able to produce “off”-odors.   
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Color (white and cream) 
After pickle-salting, the panel considered mostly the white color rather than the cream 
color for salted cod samples (48.2 % and 24.6 % of the scale, respectively). However, the 
panel attributed mostly the cream color to the cod products obtained throughout salt-
curing at different temperatures. After salt-curing for 76 days, the white color was not even 
ascribed to samples salt-cured at 18 ºC (0.0 % of the scale) (Table 36). 
Taking into account the intensity of white color, differences between storage times were 
only significant between samples salt-cured after 0 days and samples salt-cured at 18 ºC 
after 76 days (p = 0.0126) (Table 36). Moreover, and according to the intensity of cream 
color, samples salt-cured after 0 days had a significant lower intensity than samples salt-
cured at 6 ºC after 7 days (p = 0.00049) and samples salt-cured at 12 ºC and at 18 ºC 
after 7, 31 and 76 days (p ≤ 0.013). In addition, the intensity of cream color found in 
samples salt-cured at 18 ºC after 76 days was also significantly higher than those intensity 
observed in samples salt-cured at 18 ºC after 7 days (p = 0.00015) (Table 36). Therefore, 
the intensity of cream color increased generally during salt-curing at 12 ºC and at 18 ºC, 
reaching, respectively 64.7 % and 93.7 % of the scale after 76 days. So, this increase was 
more evident in samples salt-cured at 18 ºC (Table 36). The intensity of cream color found 
in samples salt-cured at 6 ºC after 76 days only reached 44.0 % of the scale.  
 
Significant differences between storage temperatures regarding white color were not 
found (p > 0.05), but according to the cream color, such differences were observed 
between samples salt-cured at 6 ºC after 76 days and samples salt-cured at 18 ºC after 
76 days (p = 0.00015). Despite of the absence of significant differences between 
temperatures for white color, samples salt-cured at 6 ºC after 31 and 76 days exhibited 
higher intensity of white color (23.4 % and 21.8 % of the scale, respectively), and 
consequently lower intensity of cream color, than samples salt-cured at 12 ºC and at 18 
ºC after 31 and 76 days (above 17 % of the scale). So, it seems that salt-curing at higher 
temperatures increases the cream color in the fish and perhaps the high intensity of 
cream color can be seen as an indicator of low quality of the samples. Therefore, salt-
curing at 6 ºC can improve the color of salted cod. 
 
The panelist also pointed the red color found in samples salt-cured at 18 ºC after 76 days 
caused by the red-halophilic bacteria. 
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Table 36 - Intensity of sensory attributes (color (white and cream), brightness and mucus) (cm) 
evaluated in samples salt-cured at different temperatures (6, 12, 18 ºC) during 76 days. Results 
represent mean values ± standard deviations. 
 
 
Intensity (cm) Storage time 
(days) 
 
Storage temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
 
White color 
 
 
 
 
Cream color 
 
 
 
 
Brightness 
 
 
 
 
Mucus 
 
 
0 
7 
31 
76 
 
0 
7 
31 
76 
 
0 
7 
31 
76 
 
0 
7 
31 
76 
 
5.79 ± 2.50a 
1.08 ± 2.41a,b 
2.81 ± 2.23a,b 
2.61 ± 2.42a,b 
 
2.96 ± 1.12a 
8.12 ± 1.88b,c 
5.23 ± 1.87a,b 
5.28 ± 0.78a,b 
 
6.73 ± 0.83b,c  
6.11 ± 2.61b,c 
6.69 ± 1.82b,c 
4.60 ± 1.84b,c 
 
0.00 ± 0.00a 
0.31 ± 0.69a 
0.18 ± 0.39a 
0.22 ± 0.50a 
 
5.79 ± 2.50a 
1.20 ± 2.68a,b 
1.80 ± 2.68a,b 
2.03 ± 0.98a,b 
 
2.96 ± 1.12a 
6.97 ± 2.69b 
8.05 ± 1.87b,c 
7.77 ± 1.71b,c 
 
6.73 ± 0.83b,c 
7.91 ± 2.91c 
6.33 ± 1.98b,c 
3.61 ± 2.01a,b 
 
0.00 ± 0.00a 
0.37 ± 0.83a 
0.32 ± 0.72a 
4.66 ± 1.38b 
 
5.79 ± 2.50a 
1.20 ± 2.68a,b 
1.90 ± 2.61a,b 
0.00 ± 0.00b 
 
2.96 ± 1.12a 
7.54 ± 1.98b 
8.20 ± 1.03b.c 
11.24 ± 1.05c 
 
6.73 ± 0. 83b,c 
7.36 ± 2.48b,c 
6.18 ± 2.20b,c 
0.00 ± 0.00a 
 
0.00 ± 0.00a 
0.14 ± 0.31a 
0.59 ± 0.98a 
11.54 ± 1.11c 
 
For each sensory attribute, different lowercase superscript letters indicate significant differences between days 
of storage and temperatures (p < 0.05). 
 
Brightness and Mucus 
During the first 31 days of salt-curing at different temperatures, the intensity of brightness 
was around 50 % to 65 % of the scale in salt-cured samples (Table 36). After salt-curing 
for 76 days, the panel pointed the products with less brightness, reaching such intensity 
38.3 %, 30.0 % and 0.0 % of the scale, respectively, in samples salt-cured at 6 ºC, at 12 
ºC and at 18 ºC. However, the panel did not detect significant differences between storage 
times at 6 ºC (p > 0.05) and only the intensity of brightness found in samples salt-cured at 
12 ºC after 7 days was significantly higher than those intensity observed in samples salt-
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cured at 12 ºC after 76 days (p = 0.033). Moreover, the lowest intensity of brightness 
found in samples salt-cured at 18 ºC after 76 days was significantly different from the 
intensity of brightness obtained in samples salt-cured at 18 ºC after 0, 7 and 31 days (p = 
0.00017, p = 0.00013 and p = 0.00037, respectively) (Table 36). 
 
According to the Table 36, the negative attribute mucus was observed in samples salt-
cured at 12 ºC and at 18 ºC after 76 days (38.8 % and 96.2 % of the scale, respectively). 
Therefore, the intensity of mucus obtained in samples salt-cured at 12 ºC and at 18 ºC 
after 76 days, respectively, reached and exceeded the considered acceptability limit (40 % 
of the scale, 4.8-cm) (Table 36). The intensity of mucus found in these samples was 
significantly different from those observed in the other samples assessed (p = 0.00013 in 
both cases). 
 
Taking into account the brightness and mucus attributes, significant differences between 
storage temperatures were only found after 76 days. Such differences were significant 
between samples salt-cured at 18 ºC and samples salt-cured at 6 ºC for brightness (p = 
0.017) and between samples salt-cured at 18 ºC and samples salt-cured at 6 ºC and at 12 
ºC (p = 0.00013) for mucus. 
 
Sensory attributes – General overview 
The increasing storage time had a progressive effect on decreasing the sensory quality at 
both temperatures. However, storage temperatures mainly affected the sensory attributes 
after 76 days of salt-curing. Based on the odor and on the mucus results, samples salt-
cured at 12 ºC after 76 days were considered at the limit of acceptability. In addition, the 
sensory attributes (odor, color, mucus and brightness) of samples salt-cured at 18 ºC after 
76 days showed degradation signs. All assessors rejected the samples salt-cured at 18 ºC 
after 76 days and approximately 60 % of assessors also rejected the samples salt-cured 
at 12 ºC after 76 days. Only one panelist pointed the samples salt-cured at 6 ºC after 76 
days as being close to the acceptability limit. Therefore, after 76 days of salt-curing, 
samples salt-cured at 12 ºC reflected products that were close to reach inacceptable 
spoilage and with low quality, while samples salt-cured at 18 ºC were considered spoiled 
products without quality. So, the higher storage temperature did not maintain the high 
sensory quality of the products after 76 days of salt-curing. Additionally, samples salt-
cured at 6 ºC showed the best sensory quality throughout 76 days of salt-curing. 
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3.2 Quality changes during cod desalting 
3.2.1 Chemical analyses 
 
Water and salt contents 
The rehydration process resulted in water uptake and salt leaching out of the muscle. The 
moisture of the salted products increased around 22 % to 26 % and the salt content 
decreased approximately 17 % to 17.5 % in both shaped cod pieces desalted at different 
temperatures after 72 h (p = 0.00019 in both cases) (Tables 37 and 38, respectively). 
Furthermore, the moisture increase observed in samples desalted at 15 ºC was 
approximately 2 % higher than the increase obtained in samples soaked at 10 ºC (p = 
0.0047 and p = 0.0021 for “thicker” and “thinner” samples, respectively) (Table 37). 
However, all samples (“thicker” and “thinner”) desalted at different temperatures exhibited 
approximately 80 % water content and 2 % salt content after 72 h of soaking (Tables 37 
and 38), similar values found in other studies (see Table 4). This indicates that the shelf 
life of these products is relatively short compared to the salted products, as mentioned by 
Thorarinsdóttir (2010). Additionally, the salt and moisture results of raw material were 
within/close the permitted legislation values for wet salted cod (IPCP-2 1991) (Tables 37 
and 38).  
 
Table 37 – Moisture (%) obtained before desalting and after 72 h of desalting for both shaped cod 
pieces analyzed (TK = “Thicker samples”; TN = “Thinner” samples). Results represent average 
values ± standard deviations. 
 
 
T (ºC) 
 
Time (h) 
 
Moisture (%) 
  TK TN 
 
 
0 
 
58.45 ± 0.005a 
 
56.18 ± 0.008b 
5 72 82.09 ± 0.004c,e 81.34 ± 0.003c,d,e 
10 72 80.60 ± 0.002d,e 80.19 ± 0.0002d 
15 72 82.57 ± 0.001c 82.32 ± 0.005c 
 
Homogeneous sample groups, according to a Tukey´s test, have the same superscript letter. 
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Table 38 - Salt content (%) obtained before desalting and after 72 h of desalting for both cod 
pieces analyzed (TK = “Thicker samples”; TN = “Thinner” samples). Results represent average 
values ± standard deviations. 
 
 
T (ºC) 
 
Time (h) 
 
Salt content (%) 
  TK TN 
 
 
0 
 
19.37 ± 0.004a 
 
18.86 ± 0.003a 
5 72 2.07 ± 0.0001b,c 1.51 ± 0.001b 
10 72 2.42 ± 0.0005c 1.75 ± 0.0001b,c 
15 72 1.91 ± 0.001b,c 1.73 ± 0.0002b,c 
 
Homogeneous sample groups, according to a Tukey´s test, have the same superscript letter. 
 
Despite “thicker” pieces of salted cod had initially more 2.3 % of water than “thinner” 
pieces of salted cod (p = 0.00095), significant differences between desalted samples with 
different thicknesses were not found after 72 h of desalting at different temperatures for 
moisture (p > 0.05) (Table 37). According to the salt content, significant differences 
between thicknesses were not found in salted and in desalted cod samples (Table 38).   
 
Protein and free fat contents 
Measurements of protein and free fat contents (%) found in both shaped cod pieces are 
shown in Table 39. During rehydration at different temperatures, the protein content 
decreased similarly (approximately 4 % to 5 %) in both shapes of cod pieces (p ≤ 
0.00018) (Table 39). Such decreases were probably due to a protein leaching from the 
cod samples to the soaking water.  Di Luccia et al. (2005) also reported that the great loss 
of water-soluble proteins during stockfish rehydration can be ascribed to protein 
solubilization and, consequently, to the movement of proteins into the soaking medium. 
They also mentioned that when the dried cod is soaking, the water exercises an osmotic 
pressure, which swells the muscle tissue and causes the flow of soluble protein into the 
soaking water (Di Luccia et al. 2005). Furthermore, Thorarinsdóttir (2010) also stated that 
the main changes in protein content were due to mass transfer of water and salt to/from 
the muscle and the surrounding rehydration water. 
Moreover, it has been stated that the salting process affects the conformational stability of 
muscle proteins, causing denaturation of sarcoplasmic and myofibrillar proteins 
(Thorarinsdóttir et al. 2002). Di Luccia et al. (2005) also referred that the aggregation and 
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precipitation determined by protein denaturation of the more external part of the muscle 
tissue create a barrier against more internal proteins being drawn into the soaking 
medium while internal salt diffusion occurs. Thus, the salting process seems to influence 
the protein content of desalted products.  
 
Table 39 - Protein (%) and free fat (%) contents obtained before desalting and after 72 h of 
desalting for both cod pieces analyzed (TK = “Thicker samples”; TN = “Thinner” samples). Results 
represent average values ± standard deviations. 
 
 
T (ºC) 
 
Time (h) 
 
Protein (%) 
 
Free fat (%) 
  TK TN TK TN 
  
0 
 
21.07 ± 0.25a 
 
21.50 ± 0.11a 
 
0.21 ± 0.06b 
 
0.34 ± 0.06a,b 
5 72 15.90 ± 0.22b 16.83 ± 0.22b,c 0.45 ± 0.04a 0.72 ± 0.004d 
10 72 16.11 ± 0.04b,c 17.67 ± 0.91c 0.68 ± 0.11c,d 0.51 ± 0.09a,c 
15 72 17.24 ± 1.25b,c 16.70 ± 1.04b,c 0.51 ± 0.005a,c 0.49 ± 0.06a 
 
For each chemical parameter, different lowercase superscript letters indicate significant differences between 
hours of soaking, temperatures and thicknesses (p < 0.05). 
 
Furthermore, desalting temperature did not affect significantly the protein content of both 
shaped cod pieces evaluated (Table 39). 
 
The free fat content of cod muscles was always below 1 % in all samples analyzed (Table 
39), showing that the Atlantic cod is a lean species, as had been reported in other studies 
(Bogucki and Trzesinski 1950; Holdway and Beamish 1984; Lambert and Dutil 1997). So, 
this content was very low and can be considered negligible, as also registered by Barat et 
al. (2004c). 
 
TVB-N and thiobarbituric acid index (TBA) contents 
Chemical determination of TVB-N is often used as a method for describing product 
freshness and as an indirect measure of bacterial growth. Volatile bases such as TMA, 
trimethylamine oxide (TMAO), and dimethylamine (DMA) contribute to the amount of TVB-
N (Jónsdóttir et al. 2011). In raw material, the TVB-N values were approximately 10 mg 
N/100 g and, with the exception of “thicker” samples desalted at 15 ºC after 72 h (3.39 mg 
N/100 g), such values were absent in desalted cod samples (Table 40). The TVB-N 
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content probably was lost in the liquid phase, and then, was removed from the muscle 
throughout the desalting processes. Therefore, the TVB-N values were higher in salted 
samples than in desalted samples. For this reason, it seems that the diffusion of the 
nitrogenous compounds increased during desalting due to concentration differences 
between the muscle and surrounding water, as referred by Jónsdóttir et al. (2011). The 
same authors also demonstrated that the changes in salt concentration affected the 
solubility of the nitrogenous compounds. Desalting has shown to be one of the most 
effective processes in the extraction of NPN (Jónsdóttir et al. 2011). 
Based on the EC regulation no. 2074 from 2005, a TVB-N content exceeding 35 mg 
N/100 g flesh of a gadoid species indicates that an unprocessed fishery product is unfit for 
human consumption. This maximum limit considered for TVB-N content was never 
reached during the experiments. Hence, desalted products presented low values of TVB-
N and, therefore, fish degradation can not be considered for both samples (“thicker” and 
“thinner”) desalted at different temperatures. However, we must take into account that 
“thicker” samples desalted at 15 ºC after 72 h showed a significantly higher TVB-N content 
compared to the other desalted samples analyzed (p = 0.00014 in both cases) (Table 40). 
For this reason, samples desalted at 5 ºC and at 10 ºC probably can be considered with 
higher quality, in accordance to TVB-N content. 
 
Table 40 - Total volatile basic nitrogen (TVB-N) (mg N/100 g of sample) and thiobarbituric acid 
index (TBA) (mg malonic aldehyde/1000 g of sample) contents obtained before desalting and after 
72 h of desalting for both shaped cod pieces analyzed (TK = “Thicker samples”; TN = “Thinner” 
samples). Results represent average values ± standard deviations. 
 
 
T (ºC) 
 
Time (h) 
 
TVB-N  
(mg N/100 g) 
 
TBA (mg malonic 
aldehyde/1000 g) 
  TK TN TK TN 
  
0 
 
10.21 ± 0.03a 
 
10.03 ± 0.02a 
 
0.91 ± 0.15a 
 
0.79 ± 0.12a 
5 72 0.00 ± 0.00b 0.00 ± 0.00b 0.26 ± 0.09b,c 0.05 ± 0.01b,c 
10 72 0.00 ± 0.00b 0.00 ± 0.00b 0.33 ± 0.04c 0.12 ± 0.10b,c 
15 72 3.39 ± 1.13c 0.00 ± 0.00b 0.14 ± 0.07b,c 0.00 ± 0.01b 
 
For each chemical parameter, different lowercase superscript letters indicate significant differences between 
hours of soaking, temperatures and thicknesses (p < 0.05). 
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As mentioned above, thiobarbituric acid index (TBA) values are used as indicators of lipid 
oxidation, and consequently, as a measure of rancidity. A significant decrease in TBA 
content was observed during desalting at different temperatures for both shaped cod 
pieces evaluated (p ≤ 0.00017). Therefore, it seems that the rehydration process could 
sweep away partial lipid oxidation products to the surrounded water, resulting in 
decreased TBA values, as registered by Nguyen et al. (2012b). Furthermore, the TBA 
values found in all desalted cod samples analyzed were lower than 0.35 mg of malonic 
aldehyde per kg of sample (Table 40). According to the range referred by Connell (1975) 
(1-2 mg malonic aldehyde/kg of sample) from which the fish can present rancid flavor and 
odor, the TBA values shown in Table 40 did not show lipid alteration.   
 
Free amino acids content 
As already referred, the NPN fraction contains various nitrogenous compounds, being one 
of them the free amino acids (Thorarinsdóttir 2010), a commonly compound used as 
proteolysis indicator (Yongsawatdigul et al. 2004). In what concerns the content of this 
nitrogenous compound, a significant decrease of 29.7, 28.8, 28.4 mg N/100 g at 5, at 10 
and at 15 ºC, respectively, was observed in “thicker” pieces and a significant decrease of 
31.3, 31.5, 29.9 mg N/100 g at 5, at 10 and at 15 ºC, respectively, was obtained in 
“thinner” pieces after 72 h of desalting (p = 0.00017 in both cases). Moreover, the free 
amino acids content declined gradually through the process in both shaped cod pieces 
(fig. 27).  
The free amino acids content probably was lost in the liquid phase and was extracted from 
the muscle during the rehydration processes, as referred by other authors (Thorarinsdóttir 
et al. 2004, 2010). Thorarinsdóttir (2010) also commented that the higher losses of NPN 
were supposed to result from higher solubility and extraction of NPN compared to 
proteins. The free amino acids content was probably influenced by the mass transfer of 
water and salt to/from the muscle and the surrounding rehydration water.  
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Figure 27 - Free amino acids content (mg N/100 g of sample) obtained in both shaped cod pieces 
desalted at different temperatures for 72 h (TK = “Thicker” samples; TN = “Thinner” samples). 
Results represent average values ± standard deviations. 
 
Generally, “thinner” and “thicker” samples desalted at different temperatures after 12 h 
and 24 h of desalting were those that exhibited the major significant differences (p < 0.05) 
between desalting times. This perhaps can be explained by the water and salt contents 
found in those samples (see section 3.3). 
 
As presented in section 3.3, generally the water and salt contents found in “thicker” 
pieces, respectively increased and decreased faster in samples desalted at 15 ºC. For 
these reasons, a greater solubility and, consequently, higher losses of free amino acids 
would be expected in “thicker” samples desalted at higher temperature compared to 
“thicker” samples desalted at 5 ºC and at 10 ºC. However, the higher free amino acid 
content was found in “thicker” samples desalted at 15 ºC (fig. 27). Between 12 h and 36 h 
of desalting, values of free amino acids obtained in “thicker” samples desalted at 15 ºC 
were significantly higher than those values found in “thicker” samples desalted at 5 ºC and 
at 10 ºC (p ≤ 0.00041) (Table 41). Such differences can be related to the greater increase 
of proteolytic bacteria observed in samples desalted at higher temperature (see below 
section 3.2.3). These bacteria may have broken some peptide bonds of proteins, leading 
Results and Discussion 
142	  
	  
to a further released, and consequent increase of the free amino acids content in samples 
desalted at 15 ºC than in the other samples desalted at 5 ºC and at 10 ºC.  
For “thicker” samples, significant differences between desalting temperatures disappeared 
after 48 h of desalting (Table 41). 
 
Table 41 - Comparison of free amino acids content found in “thicker” samples desalted at different 
times and temperatures. p values obtained from the Tukey´s test. 
 
 
Time (h) 
 
T ( ºC) 
 5 vs 10 10 vs 15 5 vs 15 
 
0 
 
1.00 
 
1.00 
 
1.00 
12 1.00 0.00016 0.00041 
24 0.00026 0.00016 0.00016 
36 1.00 0.00017 0.00017 
48 1.00 0.93 0.18 
72 1.00 1.00 1.00 
 
Despite of the higher free amino acid content found in “thicker” samples desalted at 15 ºC, 
these values are below the limit considered for acceptability (< 125 mg N/100 g, Ferreira 
(1953)). 
 
On the other hand, the content of free amino acids obtained in “thinner” cod pieces during 
72 h of desalting was similar for different temperatures (p > 0.05), as shown in fig. 27. 
 
Generally, the free amino acids content was significantly higher in “thicker” samples than 
in “thinner” samples during desalting at different temperatures for 72 h (Table 42). Such 
differences can be related to the different water and salt contents found in both shaped 
cod pieces evaluated. As will be noted in the section 3.3, generally the water uptake and 
the salt leaching out of the muscle were faster in “thinner” samples than in ”thicker” 
samples. As a result, the solubility of free amino acids may be higher in desalting water 
used to desalt “thinner” samples than in desalting water used to soak “thicker” samples. 
And, consequently, higher losses of free amino acids are expected in “thinner” samples 
than in “thicker” samples, as commonly observed (fig. 27). However, the water and salt 
contents were similar after 72 h of soaking in both shaped cod samples. Therefore, the 
significant differences between thicknesses, according to the free amino acids values, 
disappeared at this time (Table 42). On the other hand, a possible higher number of 
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proteolytic bacteria in “thicker” desalted samples than in “thinner” desalted samples during 
the first 48 h of desalting can also explained the free amino acids values found in both 
shaped cod pieces analyzed. 
 
Table 42 - p values (Tukey´s test) obtained from the comparison of free amino acids content found 
in samples with different thickness desalted at different times and temperatures. 
 
 
Time (h) 
 
Temperature 
 5 ºC 10 ºC 15 ºC 
 
0 
 
1.00 
 
1.00 
 
1.00 
12 0.00016 0.00016 0.00016 
24 0.00016 0.00067 0.00016 
36 0.93 0.011 0.00016 
48 0.00074 0.016 0.00021 
72 1.00 1.00 1.00 
 
Concluding, the content of free amino acids in cod muscles seems to depend on the 
thickness, desalting time and desalting temperature. However, all samples analyzed 
showed values of free amino acids below the limit considered for acceptability (< 125 mg 
N/100 g, Ferreira (1953)). Thus, the free amino acids content did not show protein 
breakdown (proteolysis). 
 
3.2.2 Physical analyses 
3.2.2.1 Cod samples 
3.2.2.1.1 Color measurement  
 
L* and whiteness values  
Generally, the main effect of desalting time on lightness (L* values) and whiteness of 
desalted cod indicate that these both parameters tended to increase with time. Such trend 
was more evident at higher soaking temperature for lightness and whiteness measured by 
equation 2 (Schubring 2009). The changes in lightness and whiteness (both results of the 
two equations considered) found in salted cod samples desalted at different temperatures 
are presented in Tables 43, 44 and 45, respectively.  
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Table 43 - L* values found in “thicker” salted cod pieces desalted at different times and 
temperatures (average values ± SD).  
 
Desalting time  
(h) 
 
Desalting temperature 
 
5 ºC 
 
10 ºC 
 
15 ºC 
 
0 
 
54.38 ± 1.85a 
 
54.38 ± 1.85a 
 
54.38 ± 1.85a 
12 60.85 ± 0.25a,b 56.67 ± 0.43a,b 57.82 ± 1.70a,b  
24 58.53 ± 0.10a,b 58.49 ± 5.11a,b 58.77 ± 1.61a,b 
36 58.03 ± 4.80a,b 58.10 ± 2.74a,b 58.07 ± 1.63a,b 
48 59.28 ± 2.12a,b 59.67 ± 6.13a,b 59.55 ± 0.23a,b 
72 54.65 ± 0.20a 57.48 ± 1.50a,b 63.43 ± 3.11b 
    
Different lowercase superscript letters indicate significant differences between hours of soaking and between 
temperatures (p < 0.05). 
 
Table 44 - Whiteness values observed in “thicker” salted cod pieces desalted at different times and 
temperatures calculated from Schubring equation. Results represent average values ± standard 
deviations.  
 
Desalting time  
(h) 
 
Desalting temperature 
 
5 ºC 
 
10 ºC 
 
15 ºC 
 
0 
 
54.13 ± 1.94a 
 
54.13 ± 1.94a 
 
54.13 ± 1.94a 
12 60.49 ± 0.16a,b 56.34 ± 0.42a,b 57.41 ± 1.72a,b 
24 57.93 ± 0.09a,b  58.16 ± 5.11a,b 58.47 ± 1.56a,b 
36 57.58 ± 4.89a,b 57.77 ± 2.73a,b 57.83 ± 1.65a,b 
48 58.81 ± 2.20a,b 59.34 ± 6.15a,b 59.24 ± 0.24a,b 
72 54.06 ± 0.37a 57.07 ± 1.59a,b 63.01 ± 3.09b 
 
Different lowercase superscript letters indicate significant differences between hours of soaking and between 
temperatures (p < 0.05). 
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Table 45 - Whiteness values obtained in “thicker” salted cod pieces desalted at different times and 
temperatures calculated from Park equation. Results represent average values ± standard 
deviations.  
 
Desalting time  
(h) 
 
Desalting temperature 
 
5 ºC 
 
10 ºC 
 
15 ºC 
 
0 
 
65.03 ± 1.50a 
 
65.03 ± 1.50a 
 
65.03 ± 1.50a 
12 72.87 ± 2.70b,c,d 71.04 ± 0.40a,b,c 74.50 ± 1.16b,c,d 
24 78.10 ± 0.47d 71.92 ± 3.33b,c,d 71.46 ± 3.08a,b,c 
36 74.45 ± 0.83b,c,d 71.62 ± 1.40b,c,d 68.43 ± 0.53a,b 
48 75.97 ± 0.77c,d 72.60 ± 4.24b,c,d 71.31 ± 0.25a,b,c 
72 75.05 ± 3.93c,d 73.44 ± 1.18b,c,d 76.75 ± 2.57c,d 
 
Different lowercase superscript letters indicate significant differences between hours of soaking and between 
temperatures (p < 0.05). 
 
Lauritzsen et al. (2004a) reported that the reduction of water content is sufficient to cause 
changes in the color of fish. So, it is expected that the opposite process (water uptake) 
also causes changes in the color of the products. For this reason, correlations between 
color coordinates (L* and whiteness (both equations considered)) and water content found 
in “thicker” samples desalted at different temperatures for 72 h were performed (Table 
46). 
   
Table 46 - p and r values obtained from the relation of L* and whiteness values (both equations 
considered) with the water content found in salted cod samples desalted at different temperatures 
for 72 h (r = Pearson´s correlation coefficient).  
 
 
Correlations 
 
Desalting temperature 
  
5 ºC 
 
10 ºC 
 
15 ºC 
 
L* values vs water content 
 
r = 0.118; p = 
0.640 
 
r = 0.429; p = 0.076 
 
r = 0.728; p = 0.001 
 
Whiteness values (Schubring 
eq.) vs water content 
 
r = 0.084; p = 
0.740 
 
r = 0.417; p = 0.085 
 
r = 0.726; p = 0.001 
Results and Discussion 
146	  
	  
 
Correlations 
 
Desalting temperature 
  
5 ºC 
 
10 ºC 
 
15 ºC 
 
Whiteness values (Park eq.) 
vs water content 
 
r = 0.771; p = 
0.000 
 
r = 0.794; p = 0.000 
 
r = 0.711; p = 0.001 
 
According to the Table 43 and fig. 28, desalted products were lighter than the raw material 
that gave rise, possibly due to the water uptake, and subsequent increase of the muscle 
volume observed during soaking, as referred by Rodrigues (2006). So, it seems that the 
desalting process makes the products lighter. However, the L* value found in salted cod 
samples was only significantly different from the L* value obtained in samples desalted at 
15 ºC after 72 h (p = 0.019) (Table 43 and fig. 28). Additionally, a positive, strong and 
significant (p = 0.001) correlation between L* values and water content was only obtained 
in “thicker” samples desalted at 15 ºC (r = 0.728), as shown in Table 46. So, the main 
difference on lightness values between salted and desalted cod samples was observed 
during desalting at 15 ºC and was probably related to the water content.  
 
 
Figure 28 - L* values obtained in “thicker” salted cod pieces desalted at different times and 
temperatures. Results represent average values of replicates (0.20 ≤ SD ≤ 6.13). 
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During the first 12 h of desalting, a higher increase of the L* values was found in samples 
desalted at 5 ºC (Table 43 and fig. 28). This fact possibly can be ascribed to the initial 
water uptake of the product in the chilled water. Nevertheless, this increase was not 
significant (p = 0.27). Moreover, a slight decrease of the L* values was observed between 
48 and 72 h of soaking in samples desalted at 5 ºC and at 10 ºC (Table 43 and fig 28). But 
also in this case, this decrease was not significant (p > 0.05). Thus, significant differences 
between 12 and 72 h of desalting were not found for all temperatures (p > 0.05), 
according to the L* values (Table 43). 
 
Furthermore, the highest L* value was found in samples desalted at 15 ºC after 72 h 
(63.43) and the lowest L* value was found in salted cod samples (54.38) and in samples 
desalted at 5 ºC after 72 h (54.65) (Table 43). 
 
According to the L* values found in cod samples during desalting at different 
temperatures, significant differences between temperatures were only found after 72 h. 
Such differences were significant between the L* value found in samples desalted at 5 ºC 
and the L* value obtained in samples desalted at 15 ºC (p = 0.026). So, a higher and 
significant L* value was observed after 72 h of soaking with the increasing of temperature 
(Table 43 and fig. 28). Firstly, we could think that the higher water content found in 
samples desalted at 15 ºC than in samples desalted at 5 ºC after 72 h could explain that 
significant difference. However, this difference (0.5 %, Table 37) is almost nonexistent 
and, for this reason, this hypothesis was put aside. 
The higher L* value found in samples desalted at 15 ºC after 72 h probably can be related 
to the higher microbial growth found in these samples compared to the samples desalted 
at 5 ºC after 72 h. For some of the bacteria studied, the limit of acceptability was reached 
or exceeded in samples desalted at 15 ºC after 72 h, but this limit was never reached in 
samples desalted at 5 ºC after 72 h (see section 3.2.3). So, it seems that the higher 
microbial growth, and consequently, the initial microbial deterioration found in samples 
desalted at 15 ºC after 72 h can have resulted in color and appearance changes, as 
already stated by other authors for fish and meat products (King et al. 2009; Hernández-
Macedo et al. 2011). Moreover, it is known that microbial cells scatter light striking them in 
liquids (Prescott et al. 2005). Following this idea for desalted products (solids with high 
water content), the great number of colonies observed at 15 ºC can has caused an 
increase in light scattering and in diffuse reflection, implying the greater L* value obtained 
in samples desalted at 15 ºC compared to samples desalted at 5 ºC after 72 h. However, 
this is only a supposition. 
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It has been stated that the protein aggregation can cause an increase in the fish tissue 
opacity and a subsequent increase in light scattering and in diffuse reflection, implying 
high L* values (Fernández-Segovia et al. 2003c). So, it seems that the protein changes 
(e.g. changes in their optical properties caused for example by microbial or chemical 
action, protein aggregation, protein denaturation, among others) can also cause color 
changes, as reported by other authors (Brás and Costa 2010; Nguyen et al. 2011a). 
Although some other chemical reactions are also suggested to be a cause of a color 
change in salted fish (Stien et al. 2005; Brás and Costa 2010) and can be the reasons of 
the higher L* value found in samples desalted at 15 ºC after 72 h. Moreover, Nguyen et al. 
(2012b) stated that the significant increase in L* value of rehydrated samples could be 
due to the loss of lipid oxidation products to the surrounded water. This can also be 
reported in the current study. So, perhaps more than one mechanism can be involved in 
the higher L* value found in samples desalted at 15 ºC after 72 h. 
 
All trends and statistical results (significant differences between samples desalted at 5 ºC 
and samples desalted at 15 ºC after 72 h (p = 0.024) and between salted cod samples 
and samples desalted at 15 ºC after 72 h (p = 0.026); and a positive, strong and 
significant correlation between whiteness values and water content found in samples 
desalted at 15 ºC for 72 h) obtained for whiteness values (eq. 2 (Schubring 2009), Tables 
44 and 46)) were similar to those found for L* values. 
 
Using the Park equation (Park 1994), the whiteness of desalted cod samples increased 
with decreasing desalting temperature between 24 and 48 h of soaking. However, 
significant differences between desalting temperatures were only found after 24 h of 
desalting between samples desalted at 5 ºC and samples desalted at 15 ºC (p = 0.028) 
(Table 45 and fig. 29). Probably, this significant difference can be related to the microbial 
and chemical differences found between samples desalted at 5 ºC and samples desalted 
at 15 ºC after 24 h. 
Furthermore, these results are consistent with the results obtained in sensory analysis for 
white color (see section 3.2.4), since the panel did not found significant differences 
between temperatures after 72 h (p > 0.05). 
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Figure 29 - Whiteness values found in “thicker” salted cod pieces desalted at different times and 
temperatures and calculated from Park equation. Results represent average values of replicates 
(0.25 ≤ SD ≤ 4.24). 
 
In addition, the highest whiteness value obtained from the Park equation was found in 
samples desalted at 5 ºC after 24 h (78.10) and the lowest whiteness value was observed 
in salted cod samples (65.03) (Table 45). Moreover, the whiteness value found in salted 
cod samples was always lower than the whiteness values obtained in all desalted cod 
samples (Table 45 and fig. 29). This fact can be explained again by the water uptake 
observed during desalting. The desalted cod samples that did not differ significantly from 
salted cod samples were samples desalted at 10 ºC after 12 h (p = 0.098) and samples 
desalted at 15 ºC after 24 (p = 0.056), 36 (p = 0.87) and 48 h (p = 0.068) (Table 45). So, 
the samples desalted at 15 ºC after 36 h were those that exhibited the smallest whiteness 
difference with salted cod samples. However, the whiteness value observed in samples 
desalted at 15 ºC after 36 h was significantly lower than the whiteness value obtained in 
samples desalted at 15 ºC after 72 h (p = 0.0031) (Table 45). Thus, an increase of the 
whiteness values was observed in samples desalted at 15 ºC between 36 and 72 h. 
Despite of the absence of significant differences between desalting temperatures after 72 
h, the whiteness value found in samples desalted at 15 ºC was slightly higher than the 
value obtained in samples desalted at 5 ºC and at 10 ºC. These results are in accordance 
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with the results found for L* values. On the other hand, the effects of desalting time 
(between 12 and 72 h) were not significant (p > 0.05) at 5 ºC and at 10 ºC (Table 45). 
 
Additionally, a positive and significant correlation (p ≤ 0.001) between whiteness values 
obtained from the Park equation (eq. 1) and water content found in “thicker” samples 
desalted for 72 h was obtained for all temperatures (Table 46). So, it seems that the 
whiteness values increased almost directly proportional to the water content found in 
samples desalted at different temperatures for 72 h. This relation should be explored in 
further studies. 
 
Concluding, it seems that the desalting process increases the whiteness of the salted cod 
products. This increase was visible to the naked eye. Thus, the equation 1 (Park 1994) 
was the one that best represented the whiteness changes that occurred during desalting 
at different temperatures. Moreover, samples desalted at 5 ºC exhibited, generally, the 
higher whiteness values and, consequently, can be considered more attractive and, 
probably with better quality. Other authors also reported that lower temperatures during 
other processes (e.g. curing), and better storage conditions can result in whiter 
appearance (Barat et al. 2003; Lindkvist et al. 2008).  
 
a* and b* values 
The changes in a* and b* values of salted cod samples induced by different desalting 
times and temperatures are depicted in Tables 47 and 48, respectively. 
 
Table 47 - a* color values found in “thicker” salted cod pieces desalted at different times and 
temperatures (average values ± SD).  
 
Desalting time  
(h) 
 
Desalting temperature 
 
5 ºC 
 
10 ºC 
 
15 ºC 
 
0 
 
-3.20 ± 0.27a,b,c 
 
-3.20 ± 0.27a,b,c 
 
-3.20 ± 0.27a,b,c 
12 -3.45 ± 0.02a -2.40 ± 0.06c,d -1.89 ± 0.27d 
24 -2.78 ± 0.15a,b,c,d -2.70 ± 0.48a,b,c,d -2.56 ± 0.26a,b,c,d 
36 -2.60 ± 0.52a,b,c,d -2.71 ± 0.55a,b,c,d -2.86 ± 0.04a,b,c 
48 -2.74 ± 0.36a,b,c,d -2.85 ± 0.03a,b,c -3.13 ± 0.13a,b,c 
72 -2.53 ± 0.48b,c,d -2.61 ± 0.08a,b,c,d -3.34 ± 0.08a,b 
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Different lowercase superscript letters indicate significant differences between hours of soaking and between 
temperatures (p < 0.05). 
 
Table 48 - b* color values observed in “thicker” salted cod pieces desalted at different times and 
temperatures (average values ± SD).  
 
Desalting time  
(h) 
 
Desalting temperature 
 
5 ºC 
 
10 ºC 
 
15 ºC 
 
0 
 
-3.55 ± 1.12c 
 
-3.55 ± 1.12c 
 
-3.55 ± 1.12c 
12 -4.01 ± 0.82c -4.79 ± 0.01a,b,c -5.56 ± 0.18a,b,c 
24 -6.52 ± 0.12a,b -4.47 ± 0.59a,b,c -4.23 ± 0.49b,c 
36 -5.48 ± 1.33a,b,c -4.51 ± 0.45a,b,c -3.45 ± 0.37c 
48 -5.56 ± 0.96a,b,c -4.31 ± 0.63b,c -3.92 ± 0.16c 
72 -6.80 ± 1.38a -5.32 ± 0.89a,b,c -4.44 ± 0.18a,b,c 
 
Different lowercase superscript letters indicate significant differences between hours of soaking and between 
temperatures (p < 0.05). 
 
Taking into account the results shown in Table 47, the a* values were higher in samples 
desalted at higher temperature until 24 h. After that time, these values were higher in 
samples desalted at lower temperatures. Almost the opposite was observed for the b* 
values: higher b* values found in samples desalted at lower temperature in the first hours 
of soaking and higher b* values observed in samples desalted at higher temperature 
between 24 and 72 h (Table 48). 
 
Generally, the a* values tended to increase with time for lower temperature and to 
decrease with time for higher temperature (from 12 h). The opposite tended to be noted 
again for b* values (Tables 47 and 48). Moreover and usually, desalting time significantly 
(p < 0.05) affected the a* and b* values at a certain point.   
 
Also, correlations between a* and b* values with the water content found in “thicker” 
samples desalted at different temperatures for 72 h were performed (Table 49). 
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Table 49 - p and r values obtained from the relation of a* and b* values with the water content 
found in salted cod samples desalted at different temperatures for 72 h (r = Pearson´s correlation 
coefficient).  
 
 
Correlations 
 
Desalting temperature 
  
5 ºC 
 
10 ºC 
 
15 ºC 
 
a* values vs water 
content 
 
r = 0.614; p = 0.007 
 
r = 0.447; p = 0.063 
 
r = 0.170; p = 0.500 
b* values vs water 
content 
r = - 0.703; p = 0.001 r = - 0.529; p = 0.024 r = - 0.270; p = 0.279 
 
a* values 
According to the results of the a* values, differences between desalting temperatures 
were only significant after 12 h of desalting. These significant differences were found 
between samples desalted at 5 ºC and samples desalted at 10 ºC and at 15 ºC (p = 0.010 
and p = 0.0002, respectively). Such differences happened due to an increase of the a* 
values observed during the first 12 h of soaking in samples desalted at 10 ºC and at 15 ºC 
that did not occurred in samples desalted at 5 ºC. Moreover, such increase was significant 
in samples desalted at 15 ºC (p = 0.0006) (Table 47 and fig. 30). This indicates that the 
color was changing from green in salted cod samples to red hue in samples desalted at 
15 ºC after 12 h. Possibly, the differences found between desalting temperatures after 12 
h can be explained by the reaction of the samples in the water and, consequently, by the 
initial faster water uptake observed in samples desalted at higher temperatures than in 
samples desalted at 5 ºC, as referred in section 3.3. 
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Figure 30 - a* values found in “thicker” salted cod pieces desalted at different times and 
temperatures. Results represent average values of replicates (0.02 ≤ SD ≤ 0.55). 
 
Additionally, samples desalted at 15 ºC after 12 h exhibited the highest a* value (-1.89) 
and samples desalted at 5 ºC after 12 h showed the lowest a* value (-3.45) (Table 47). 
This lowest a* value was significantly lower than the a* value obtained in samples 
desalted at 5 ºC after 72 h (p = 0.041), indicating a slight increase of the a* values during 
soaking at 5 ºC and, consequently, a change of the color from green to red hue after 12 h. 
A positive and significant (p = 0.007) correlation between a* values and water content 
found in samples desalted at 5 ºC for 72 h was observed (Table 49). So, the water uptake 
can be pointed out as part of the reason of the slight increase obtained in samples 
desalted at 5 ºC. Moreover, the a* values obtained in samples desalted at 10 ºC were 
similar to the a* values found in samples desalted at 5 ºC between 24 h and 72 h (fig. 30). 
According to the a* values, significant differences between desalting times at 10 ºC were 
not found (p > 0.05). However, all products desalted at 10 ºC had a higher a* value than 
the salted cod samples. Therefore, it seems that desalting performed up to temperatures 
of 10 ºC was changing the color of the products from green to red (Table 47 and fig. 30).  
Moreover, a discoloration of salted cod samples seems to occur during desalting at 15 ºC 
in accordance to the a* values. This color change from red to green hue was observed 
after 12 h of desalting. So, the a* value found in samples desalted after 12 h was 
significantly higher than the a* values observed in samples desalted after 36, 48 and 72 h 
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(p = 0.025, p = 0.0013 and p = 0.0002, respectively) (Table 47 and fig. 30). This 
phenomenon can not be explained by the water content obtained in samples desalted at 
15 ºC because a significant correlation between water content and a* values observed in 
these samples during 72 h of soaking was not found (Table 49). This color change 
probably can be ascribed to the higher microbial growth found in samples desalted at 15 
ºC and/or to a possible loss of partial lipid oxidation products to the surrounded water 
and/or to other changes in chemical composition of the muscle (e.g. protein changes). So, 
more than one mechanism can be involved in this color change, as mentioned for L* 
values.  
 
b* values  
Desalting temperatures did not affect significantly (p < 0.05) the b* values. However, the p 
values obtained from the comparison of b* values found in samples desalted at 5 ºC and 
b* values obtained in samples desalted at 15 ºC after 24 h and 72 h (p = 0.079 and p = 
0.061, respectively) were close to the limit considered for significance (p < 0.05). In 
addition, the b* value found in samples desalted at 5 ºC after 72 h (lowest b* value) was 
significantly lower than the b* values found in samples desalted at 15 ºC after 24, 36 
(highest b* value) and 48 h (p = 0.028, p = 0.0011, p = 0.0077, respectively). Such 
significant differences demonstrated that samples desalted at 15 ºC after one day, one 
day and a half or after two days of soaking had higher b* values than samples desalted at 
5 ºC after 3 days. Also, the b* value found in samples desalted at 5 ºC after one day of 
soaking was significantly lower than the b* values obtained in samples desalted at 15 ºC 
after 36 and 48 h (p = 0.034 and p = 0.024, respectively). Thus, after desalting for 24 h, 
the b* values clearly were higher (more yellow) in samples desalted at 15 ºC than in 
samples desalted at 5 ºC (Table 48 and fig 31). This result is consistent with sensory 
analysis for the attribute cream color. Taking into account the results of sensory analysis 
and instrumental color, it seems that desalting at higher temperatures makes the fish 
more yellow/cream.  
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Figure 31 - b* values observed in “thicker” salted cod pieces desalted at different times and 
temperatures. Results represent average values of replicates (0.01 ≤ SD ≤ 1.38). 
 
Generally, rehydration of the cod muscles at 5 ºC, resulted in decrease of the b* values. 
The b* values found in both salted cod samples and samples desalted at 5 ºC after 12 h 
were significantly different (p < 0.05) from those values observed in samples desalted at 5 
ºC after 24 h (p = 0.0052 and p = 0.034, respectively) and after 72 h (p = 0.0016 and p = 
0.011, respectively) (Table 48 and fig. 31). Thus, desalting time significantly (p < 0.05) 
affected the b* values at 5 ºC. The significant decrease in b* value of rehydrated samples 
was associated with a decrease of yellow color and an increase of blue color on the 
surface. Such decrease may be ascribed again to the water uptake observed during 
soaking, resulting in changes in light refraction, as referred by Nguyen et al. (2012b). 
Additionally, a negative and significant (p = 0.001) correlation between b* values and 
water content found in samples desalted at 5 ºC for 72 h was obtained (r = - 0.703, Table 
49). So, for samples desalted at 5 ºC, it seems that the yellowing (b*) decreased inversely 
proportional to the water content. Brás and Costa (2010) also reported that the yellowing 
(b*) of salted or salted-dried fishes increased inversely proportional to the water content. 
Moreover, the significant decrease in b* values of products desalted at 5 ºC also could be 
due to the loss of lipid oxidation products to the surrounded water, as stated by Nguyen et 
al. (2012b). 
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Taking into account the b* values, significant differences (p < 0.05) between desalting 
times were not found in samples desalted at 10 ºC and at 15 ºC (Table 48). However, an 
increase of the b* values was clearly observed in samples desalted at 15 ºC between 12 
and 36 h (Table 48 and fig. 31). Therefore, a slight discoloration, meaning an increasing of 
a yellow hue, was observed during desalting at 15 ºC. A negative but not significant 
correlation between b* values and water content obtained in samples desalted at 15 ºC for 
72 h were found (Table 49). Thus, the higher b* values observed in samples desalted at 
15 ºC and the slight increase of the b* values found during desalting at 15 ºC were 
believed to be related to the higher microbial growth found in these samples and/or to 
other changes in chemical composition of the muscle, increasing yellow hue, whereas, red 
hue decreased. The shift toward a more yellow color (increase in b* values) observed in 
fresh cod fillets or in heavy salted cod muscle was presumed to be due to oxidation of 
phospholipids of the muscle though the low concentration of these in cod (Anon 1967; 
Lauritzsen et al. 1999; Stien et al. 2005; Brás and Costa 2010; Herland et al. 2011; 
Nguyen et al. 2011a). Nguyen et al. (2012b) also reported that the reactions between the 
lipid oxidation products and components of protein fraction can caused the increase in b* 
value during storage of salted cod. In fact, lipids were known to affect the quality of fresh 
cod, since rancification in such a low lipid content fish was really a problem noted in New 
Scotland where fish caught had 1 % lipid content, usually a maximum found in cod (Anon 
1967). However, Nguyen et al. (2012b) also referred a possible loss of lipid oxidation 
products to the surrounded water during soaking, as mentioned before. Therefore, further 
studies are need for better understand if lipid oxidation of the muscle can be the reason or 
part of the reason of the increasing yellow hue in samples desalted at higher 
temperatures. 
 
Despite of the only significant differences (p < 0.05) between salted and desalted cod 
samples were found during desalting at 5 ºC, desalted products were generally less yellow 
than the raw material, as also mentioned by Rodrigues (2006) (Table 48 and fig. 31). So, 
it seems that the yellowing was attenuated during soaking possibly due to the increase of 
volume of the muscle caused by water uptake. Therefore, the substances produced 
during salting, responsible for color, were eventually re-distributed in the higher muscular 
matrix (Rodrigues 2006). 
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Chroma and Hue values 
The changes in hue (ha,b*) and chroma (Ca,b*) values found in salted cod desalted at 
different times and temperatures are presented in Tables 50 and 51, respectively. 
 
Table 50 - Hue values (ha,b*) (º) observed in “thicker” cod pieces desalted at different times and 
temperatures (average values ± SD).  
 
Desalting time  
(h) 
 
Desalting temperature 
 
5 ºC 
 
10 ºC 
 
15 ºC 
 
0 
 
47.01 ± 6.91a 
 
47.01 ± 6.91a 
 
47.01 ± 6.91a 
12 48.81 ± 5.71a 63.43 ± 0.66a,b,c,d 71.30 ± 1.92d 
24 66.88 ± 1.50b,c,d 58.64 ± 7.84a,b,c,d 58.65 ± 5.56a,b,c,d 
36 63.58 ± 10.02a,b,c,d 58.84 ± 7.56a,b,c,d 50.24 ± 2.62a,b 
48 63.27 ± 7.00a,b,c,d 56.27 ± 3.62a,b,c,d 51.40 ± 2.28a,b,c 
72 68.87 ± 7.46c,d 63.50 ± 4.60a,b,c,d 53.03 ± 1.78a,b,c 
 
Different lowercase superscript letters indicate significant differences between hours of soaking and between 
temperatures (p < 0.05). 
 
Table 51 - Chroma values (Ca,b) observed in  “thicker” cod pieces desalted at different times and 
temperatures (average values ± SD).  
 
Desalting time  
(h) 
 
Desalting temperature 
 
5 ºC 
 
10 ºC 
 
15 ºC 
 
0 
 
4.80 ± 1.00a 
 
4.80 ± 1.00a 
 
4.80 ± 1.00a 
12 5.30 ± 0.63a,b 5.36 ± 0.02a,b,c 5.87 ± 0.26a,b,c 
24 7.09 ± 0.05b,c 5.26 ± 0.26a,b 4.96 ± 0.28a 
36 6.12 ± 0.96a,b,c 5.29 ± 0.10a,b 4.49 ± 0.31a 
48 6.23 ± 0.70a,b,c 5.17 ± 0.54a,b 5.02 ± 0.05a 
72 7.29 ± 1.11c 5.93 ± 0.76a,b,c 5.56 ± 0.10a,b,c 
 
Different lowercase superscript letters indicate significant differences between hours of soaking and between 
temperatures (p < 0.05). 
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As shown in Table 50, the hue values (ha,b*) of all products analyzed ranged between 0 º 
and 90 º. So, these products presented a hue among red and yellow. 
 
According to the hue values, both salted cod samples and samples desalted at 5 ºC after 
12 h exhibited a significantly lower value than samples desalted at 5 ºC after 24 h (p = 
0.013 and p = 0.037, respectively) and samples desalted at 5 ºC after 72 h (p = 0.0042 
and p = 0.012, respectively) (Table 50). Such significant differences were also obtained 
with the results of b* values and one of these differences was also found with the results 
of a* values obtained in samples desalted at 5 ºC (Tables 47 and 48). These hue 
differences observed during soaking at 5 ºC may be ascribed to the increase of the -b* 
and a* values, which can indicate some blue and red contributions on the products. As 
expected, a negative, strong and significant (p < 0.000) correlation between hue values 
and b* values found in samples desalted at 5 ºC for 72 h was obtained (r = - 0.98). 
Moreover, a positive and significant (p < 0.000) correlation between hue values and a* 
values observed in samples desalted at 5 ºC for 72 h was also found (r = 0.82).  
 
Significant differences between desalting times were not found (p > 0.05), in accordance 
to the hue values, in samples desalted at 10 ºC, as expected by the a* and b* values 
observed in these samples (Table 50). 
 
The hue value found in samples desalted at 15 ºC after 12 h (71.30 º) was the closest to 
90 º. This hue value was significantly different from the hue values found in samples 
desalted at 15 ºC after 36, 48 and 72 h (p = 0.0067, p = 0.013 and p = 0.033, respectively) 
and from the value obtained in salted cod samples (p = 0.0010). Moreover, such highest 
value (71.30 º) was significantly different from the hue value obtained in samples desalted 
at 5 ºC after 12 h (p = 0.0029) (Table 50). Such significant differences were also found 
with the results of a* values obtained in samples desalted at 15 ºC and can be explained 
by the referred above for a* values. Possibly, the significant decrease of the hue values 
obtained throughout desalting at 15 ºC (> 0 º and < 90 º) was due to the increase of the -
a* values, which may indicate some green contribution on the product color. Moreover, a 
positive and significant (p = 0.000) correlation between hue values and a* values 
observed in samples desalted at 15 ºC for 72 h was also found (r = 0.815). Thus, the 
discoloration (color change from red to green hue) mentioned before at 15 ºC is supported 
by the hue values. 
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Furthermore, the trends observed for hue values were similar to the trends obtained for a* 
values and were inversely similar to the trends found for b* values, as expected. 
 
As deduced from the chroma values (Ca,b), generally products desalted at 5 ºC were those 
that exhibited a more intense color (higher Ca,b* values), followed by products soaked at 
10 ºC and, finally by products desalted at 15 ºC. However, the only significant difference 
found between desalting temperatures (5 ºC and 15 ºC), according to the chroma values, 
was obtained after 24 h (p = 0.020) (Table 51). At this time, the water content found in 
samples desalted at 15 ºC was also significantly higher than that observed in samples 
desalted at 5 ºC (p = 0.00020) (see section 3.3), which probably promoted the less 
saturated color in samples desalted at 15 ºC after 24 h.  
 
Taking into account the chroma values, significant differences between desalting times 
were not found in samples desalted at 10 ºC and at 15 ºC (p > 0.05). However, some 
significant differences were found between desalting times at 5 ºC: between the chroma 
value found in salted cod samples and the chroma values obtained in samples desalted 
after 24 h and after 72 h (p = 0.0089 and p = 0.0031, respectively) and between the 
chroma value observed in samples desalted after 12 h and the chroma value found in 
samples desalted after 72 h (p = 0.041) (Table 51). Such significant differences were also 
obtained with the results of b* values and one of these differences was also found with the 
result of a* values found in samples desalted at 5 ºC (Tables 47 and 48). Moreover, 
significant correlations (p ≤ 0.001) between chroma values with a* and b* values obtained 
in samples desalted at 5 ºC were observed (r = 0.716, r = - 0.995, respectively). The 
higher correlation was observed for b* values. Therefore, the -b* value was clearly the 
parameter that most contributed to the Ca,b* values obtained in products soaked at 5 ºC. 
For this reason, the blue contribution probably can be the main responsible for the 
increase of chroma values generally observed during soaking at 5 ºC. So, it seems that 
desalting at 5 ºC intensified the color. 
 
Color differences 
The color differences (ΔE) induced by different desalting times and temperatures are 
depicted in Tables 52 and 53. 
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Table 52 - Color difference (ΔE) between “thicker” cod pieces desalted at different times and 
temperatures (average values ± SD), according to Young and Whittle (1985).  
 
Desalting time (h) 
Pairs 
 
Desalting temperature 
5 ºC 10 ºC 15 ºC 
 
0 and 12  
 
6.51 ± 2.05  
 
3.28 ± 1.22 
 
4.95 ± 2.04 
12 and 24 3.56 ± 0.46  3.79 ± 2.49  1.80 ± 0.54  
24 and 36 3.79 ± 2.27  1.72 ± 1.21  1.22 ± 0.57  
36 and 48 2.24 ± 1.49  2.84 ± 1.87  1.76 ± 1.05  
48 and 72 5.11 ± 2.64  4.29 ± 2.03  3.95 ± 2.80  
 
Differences between hours of soaking and between temperatures were not significant for color differences 
measured according to Young and Whittle (1985) (p > 0.05). 
 
Table 53 - Color difference (ΔE) between “thicker” cod pieces desalted at different times and 
temperatures (average values ± SD), according to Schubring (2009).  
 
Desalting time (h) 
Pairs 
 
Desalting temperature 
5 ºC 10 ºC 15 ºC 
 
0 and 12  
 
6.91 ± 1.58a,b,c  
 
16.84 ± 7.09b,c,d 
 
24.81 ± 4.52d 
12 and 24 18.34 ± 7.13c,d  7.43 ± 5.50a,b,c  12.72 ± 3.68a,b,c,d  
24 and 36 9.26 ± 6.72a,b,c  1.74 ± 1.24a  8.63 ± 7.92a,b,c  
36 and 48 3.26 ± 1.73a,b  4.96 ± 1.99a,b,c  2.22 ± 0.70a  
48 and 72 12.69 ± 7.49a,b,c,d  8.60 ± 0.98a,b,c  4.32 ± 2.74a,b,c  
 
Different lowercase superscript letters indicate significant differences between pairs (hours of soaking) and 
between temperatures (p < 0.05). 
 
According to the Table 52, the values obtained for color differences ranged among 1.22 to 
6.51. Generally, the pairs analyzed demonstrated dissimilar colors (ΔE ≈ or > 3) or more 
rarely showed weak similarity (ΔE ≈ 2). Moreover, significant differences between the 
groups evaluated were not found (p > 0.05, Table 52). However, samples desalted at 15 
ºC exhibited normally the smallest color differences found between the pairs evaluated 
(Table 52) probably because the color purity was produced to a lesser extent in such 
samples. 
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Taking into account the Table 53, the major color differences obtained between the pairs 
analyzed (desalting times) were found in the first hours of soaking. For samples desalted 
at 10 ºC and at 15 ºC, the greatest color differences were found between salted cod 
samples and samples desalted after 12 h. This pair (0 and 12 h) was the only that 
revealed some significant differences (p < 0.05) with the other pairs evaluated (Table 53) 
in samples desalted at 10 ºC and at 15 ºC. Moreover, a slight difference was also found 
between the pairs analyzed in samples desalted at 5 ºC: between the pair 12 and 24 h 
and the pair 36 and 48 h (p = 0.036). Therefore, it seems that the desalting processes 
decreases the color differences (Table 53).  
Furthermore, the only significant difference observed between desalting temperatures (5 
ºC and 15 ºC), in accordance to ΔE, was found in the first 12 h (p = 0.0060, Table 53) and 
perhaps can reflected the differences obtained in coordinates of color space (L*, a*, b*). 
 
Color measurement - Overview 
As already referred, a yellow color is an indication of a rancid product (Lauritzsen et al. 
1999; Herland et al. 2011). Moreover, Puebla (2006) reported that samples showing 
whiteness are characterized by high levels of luminosity, finite saturation and blue hue. 
So, whiteness is defined as the opposite of yellowness (Puebla 2006). Taking into account 
the obtained results, it seems that the color of the studied products was well characterized 
by the whiteness parameter. Moreover, the whiteness values obtained in samples 
desalted at different temperatures seem to be influenced by the water content. Therefore, 
the whiteness parameter could be used to assess the quality of the desalted cod samples. 
 
In conclusion, the color of the desalted cod pieces, determined instrumentally, seems to 
be influenced by desalting temperature and desalting time. Moreover, more than one 
mechanism can be involved in the color changes of desalted products.  
 
3.2.2.1.2 Texture measurements 
Values of mechanical parameters presented in Tables 54 and 55 reflect the effects of the 
different desalting times, desalting temperatures and thickness on cod mechanical 
behavior in compression tests. The mechanical parameters obtained from the TPA test 
were: hardness, adhesiveness, cohesiveness, springiness, fracturability, gumminess, 
chewiness and resilience.  
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Table 54 - Average values (± standard deviations) of mechanical primary parameters (H = 
Hardness; A = Adhesiveness; S = Springiness; C = Cohesiveness) obtained from the TPA test for 
both cod pieces analyzed (TK = “Thicker” samples; TN = “Thinner” samples).   
 
T (ºC) Time 
(h) 
H (g) A (g.s) S C 
  TK TN TK TN TK TN TK TN 
 
5 
 
0 
 
3411.60 ± 
222.20g 
 
1843.90 ± 
78.90f 
 
- 1014.60 
± 80.60a 
 
-2.60 ± 
1.10d 
 
0.98 ± 
0.02c,d,e 
 
0.71 ± 
0.03a 
 
0.40 ± 
0.03b 
 
0.56 ± 
0.02c 
 36 834.05 ± 
317. 85c,d,e 
168.25 ± 
42.85a 
-46.50 ± 
20.60c,d 
-0.50 ± 
0.20d 
0.83 ± 
0.03a,b,c,d 
0.78 ± 
0.05a,b 
0.26 ± 
0.01a 
0.71 ± 
0.01d 
 72 1053.55 ± 
32.85e 
949.50 ± 
33.90e 
147.30 ± 
22.70b,c 
- 2.35 ± 
0.95d 
1.06 ± 
0.06e 
0.78 ± 
0.01a,b 
0.37 ± 
0.01b 
0.65 ± 
0.01d 
10 0 3411.60 ± 
222.20g 
1843.90 ± 
78.90f 
-1014.60 
± 80.60a 
-2.60 ± 
1.10d 
0.98 ± 
0.02c,d,e 
0.71 ± 
0.03a 
0.40 ± 
0.03b 
0.56 ± 
0.02c 
 36 853.30 ± 
251.00c,d,e 
365.05 ± 
14.65a,b 
-126.75 ± 
33.25b,c,d 
-0.20 ± 
0.00d 
0.96 ± 
0.04b,c,d,e 
0.92 ± 
0.09b,c,d,e 
0.35 ± 
0.05b 
0.68 ± 
0.04d 
 72 877.75 ± 
41.55d,e 
445.55 ± 
54.85a,b,c,d 
-265.75 ± 
71.35b 
-0.25 ± 
0.05d 
1.00 ± 
0.00d,e 
0.82 ± 
0.02a,b,c,d 
0.41 ± 
0.02b 
0.70 ± 
0.02d 
15 0 3411.60 ± 
222.20g 
1843.90 ± 
78.90f 
-1014.60 
± 80.60a 
-2.60 ± 
1.10d 
0.98 ± 
0.02c,d,e 
0.71 ± 
0.03a 
0.40 ± 
0.03b 
0.56 ± 
0.02c 
 36 761.45 ± 
146.35b,c,d,e 
314.45 ± 
49.15a,b 
-251.35 ± 
74.85b 
-0.75 ± 
0.05d 
1.03 ± 
0.03e 
0.79 ± 
0.01a,b,c 
0.40 ± 
0.07b 
0.69 ± 
0.01d 
 72 1200.45 ± 
95.85e 
414.10 ± 
127.10a,b,c 
-160.45 ± 
88.05b,c 
0.00 ± 
0.00d 
0.94 ± 
0.06b,c,d,e 
1.08 ± 
0.22e 
0.36 ± 
0.02b 
0.72 ± 
0.02d 
 
For each mechanical parameter, different lowercase superscript letters indicate significant differences 
between hours of soaking, desalting temperatures and between thicknesses (p < 0.05). Springiness = 1 (total 
recovery). 
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Table 55 - Average values (± standard deviations) of other mechanical parameters (secondary 
parameters (F = Fracturability; Ch = Chewiness; G = Gumminess) and Resilience) obtained from 
the TPA test for both cod pieces analyzed (TK = “Thicker samples”; TN = “Thinner” samples).  
 
T (ºC) Time (h) F (g) G Ch R 
  TK TN TK TN TK TN TK TN 
 
5 
 
0 
 
--- 
 
--- 
 
1366.90 ± 
179.09e 
 
1029.24 ± 
92.52d 
 
1336.80 ± 
209.20e 
 
729.25 ± 
95.59d 
 
0.045 ± 
0.005a 
 
0.29 ± 
0.01b 
 36 722.75 ± 
227.45a,b,c 
--- 208.19 ± 
75.98a,b 
119.15 ± 
28.74a 
170.14 ± 
57.73a,b 
91.31 ± 
15.97a 
0.085 ± 
0.005a 
0.47 ± 
0.01c 
 72 586.10 ± 
0.00a,b 
--- 389.35 ± 
2.02a,b,c 
612.33 ± 
17.00c 
411.65 ± 
21.18b,c 
478.77 ± 
17.60c,d 
0.11 ± 
0.030a 
0.54 ± 
0.11c 
10 0 --- --- 1366.90 ± 
179.09e 
1029.24 ± 
92.52d 
1336.80 ± 
209.20e 
729.25 ± 
95.59d 
0.045 ± 
0.005a 
0.29 ± 
0.01b 
 36 468.00 ± 
20.50a 
--- 298.65 ± 
86.76a,b 
248.14 ± 
23.41a,b 
290.35 ± 
95.06a,b,c 
225.51 ± 
0.78a,b,c 
0.065 ± 
0.025a 
0.48 ± 
0.04c 
 72 751.55 ± 
10.35b,c 
--- 360.34 ± 
0.76a,b,c 
308.78 ± 
30.95a,b 
359.07 ± 
0.33a,b,c  
253.23 ± 
29.88a,b,c 
0.075 ± 
0.015a 
0.51 ± 
0.03c 
15 0 --- --- 1366.90 ± 
179.09e 
1029.24 ± 
92.52d 
1336.80 ± 
209.20e 
729.25 ± 
95.59d 
0.045 ± 
0.005a 
0.29 ± 
0.01b 
 36 637.75 ± 
55.65a,b 
--- 287.78 ± 
7.80a,b 
216.44 ± 
33.16a,b 
294.39 ± 
0.49a,b,c 
172.20 ± 
26.01a,b,c 
0.065 ± 
0.005a 
0.49 ± 
0.02c 
 72 904.40 ± 
18.70c 
--- 435.76 ± 
57.62b,c 
294.87 ± 
84.31a,b 
413.36 ± 
80.02b,c 
299.81 ± 
27.32a,b,c 
0.125 ± 
0.015a 
0.53 ± 
0.03c 
 
--- Product not fractured or value not detected/not determined; 
For each mechanical parameter, homogeneous sample groups, according to a Tukey´s test, have the same superscript 
letter. 
 
Hardness  
The hardness (maximum value of force at the first compression) values found in desalted 
cod samples were significantly different from those values observed in wet salted cod 
samples in both “thicker” and in “thinner” cod pieces (p = 0.00017 in both cases) (Table 
54). These textural differences can be ascribed to changes of myofibrillar proteins, as 
reported by Rodrigues (2006).  
 
According to Thorarinsdóttir et al. (2002), high salt concentration in the cod muscle (above 
9 % to 10 %) affects the stability and denaturation of proteins. Moreover, it has been 
stated that the changes in muscle proteins caused by salting can result in texture 
changes, such as hardness increase (Dunajski 1979; Yashoda and Rao 1998; Barat et al. 
2002; Gallart-Jornet et al. 2007). In the current study, the muscle of wet salted cod 
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samples showed approximately 19 % NaCl (both cod pieces analyzed) (Table 38) which 
determined a possible denaturation and partial aggregation of myofibrillar proteins, 
contributing to the higher hardness values observed in wet salted cod samples. Besides 
the protein denaturation, the higher hardness values found in wet salted cod samples are 
also believed to be caused by reduction of hydration of the proteins that happens during 
the salting process (Lauritzsen et al. 2004a; Brás and Costa 2010). Other effects are 
usually attributed to the higher firmness such as the presence of ions of calcium or 
magnesium in the salt (Horner 1992; Lauritzsen et al. 2004a) and the lower pH of the 
muscle (Love 1988; Lauritzsen et al. 2004a).  
 
The desalting process considerably reduced the hardness of the cod samples regardless 
of its thickness (Table 54). It has been reported that the water uptake is sufficient to cause 
changes in the texture of fish (Brás and Costa 2010). For this reason, correlations 
between hardness values and water content found in “thicker” (TK) and “thinner” (TN) 
samples desalted at different temperatures were performed (Table 56). 
 
Table 56 - p and r values obtained from the relation of hardness values with the water content 
found in salted cod samples (“thicker” (TK) and “thinner” samples (TN)) desalted at different 
temperatures for 72 h (r = Pearson´s correlation coefficient).  
 
 
Correlations 
 
Desalting temperature 
  
5 ºC 
 
10 ºC 
 
15 ºC 
 
Hardness values vs 
water content (TK) 
 
r = - 0.970; p = 0.000 
 
r = - 0.986; p = 0.000 
 
r = - 0.962; p = 0.000 
Hardness values vs 
water content (TN) 
r = - 0.690; p = 0.040 r = - 0.998; p = 0.000 r = - 0.992; p = 0.000 
 
According to the Table 56, strong, negative and significant (p < 0.05) correlations between 
hardness values and water content found in “thicker” and in “thinner” pieces desalted 
throughout 72 h were obtained for all desalting temperatures. So, the hardness decreased 
inversely proportional to the water content, as already reported by Brás and Costa (2010) 
for dried fish. Thus, the hardness reduction observed during soaking is probably related to 
the presence of water in the molecular structures and also to density decrease. Therefore, 
the protein/cod matrix was rehydrated during soaking resulting in an improvement of the 
cod texture (Barat et al. 2004a) by decreasing firmness (Martínez-Alvarez et al. 2005b) of 
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the muscle obtained by salting. Barat et al. (2004c) also showed that the samples become 
more spongy and softer throughout the desalting experiments, due to the higher amount 
of water present in the samples and to the proteins salting in (Barat et al. 2004c). 
Nevertheless, the mechanism of the effect of hydration on hardness reduction is not well 
known, remaining the doubt if the protein denaturation caused by salting is reversible or 
not during soaking (Rodrigues 2006).  
 
Martínez-Alvarez et al. (2005b) also reported a certain tendency of the muscle to soften 
over desalting time. According to these authors, the softening of the cod muscle could be 
related to increased protein solubility, greater autolytic activity and/or increased 
proteolysis triggered by microbial growth (Martínez-Alvarez et al. 2005b). In this work, the 
softening observed in cod samples (“thicker” and “thinner” pieces) desalted at different 
temperatures was generally similar (Table 54). However, the microbial levels found in 
these samples soaked at different temperatures were significantly different (see section 
3.2.3). Therefore, the contribution of both microbial enzymes and increased proteolysis 
originated by microbial growth probably can be excluded in the current study as causes of 
the softening of the muscle. 
 
After desalting for 36 h, the hardness of samples (“thicker” and “thinner” pieces) did not 
decrease again. Thus, the greater hardness loss was found in the first 36 h of soaking 
(Table 54). 
 
Taking into account the hardness values obtained in “thicker” samples, differences 
between desalting temperatures were not significant (p > 0.05). The same was observed 
in “thinner” pieces with one exception: the hardness value found in  “thinner” samples 
desalted at 5 ºC after 72 h was significantly higher than the hardness values observed in  
“thinner” samples desalted at 10 ºC and at 15 ºC after 72 h (p = 0.016 and p = 0.0079, 
respectively). The “thinner” samples desalted at 5 ºC after 72 h also presented a higher 
hardness value than the “thinner” samples soaked at different temperatures after 36 h 
(Table 54). Probably, the hardness value observed in “thinner” samples desalted at 5 ºC 
after 72 h can be related to a possible loss of water in these samples (Table 54). 
Moreover, the Pearson´s correlation coefficient obtained between hardness values and 
water content found in “thinner” samples desalted at 5 ºC was the lowest observed (Table 
56), perhaps due to the higher hardness value found in samples desalted at 5 ºC after 72 
h.   
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According to the Tables 54 and 57, the thickness significantly influenced the hardness of 
wet salted cod samples (p = 0.0002). However, significant differences (p < 0.05) between 
both cod pieces analyzed, according to the hardness values, were not always found after 
cod rehydration (Table 57). The absence of significant differences between the hardness 
values found in “thicker” and “thinner” samples desalted at 5 ºC after 72 h can be related 
to the possible loss of water referred above for “thinner” samples. Furthermore, the other 
p values obtained that showed absence of significant differences between thicknesses 
were close to the limit considered for significance (p = 0.05) (Table 57). Thus, the “thicker” 
samples exhibited greater hardness values than the “thinner” samples (Table 54) and, 
consequently, it seems that the thickness can affect the characteristics of desalted 
products, as mentioned by others (Barat et al. 2004c; Thorarinsdóttir 2010). It must be 
taken into account that these differences probably can be ascribed to the fact that there 
was penetration in “thicker” desalted samples and only compression in “thinner” desalted 
samples. Veland and Torrissen (1999) also demonstrated that the thickness of the Atlantic 
salmon (Salmo salar) fillet was found to have a very significant effect on the TPA-test 
results. The increasing fillet thickness resulted in a linear increase in the peak forces 
(hardness) when compression was set to a fixed percentage of fillet thickness (Veland 
and Torrissen 1999).  
 
Table 57 - p values (Tukey´s test) found from the comparison of “thicker” samples with “thinner” 
samples desalted at different times and temperatures. Results of both mechanical parameters 
obtained from the TPA test (H = Hardness; A = Adhesiveness; S = Springiness; C = Cohesiveness; 
G = Gumminess; Ch = Chewiness; R = Resilience). 
 
T ºC Time H A S C G Ch R 
 0 0.0002 0.0002 0.0012 0.0002 0.0064 0.0002 0.0002 
5 36 0.0005 1.00 1.00 0.0002 1.00 1.00 0.0002 
5 72 1.00 0.048 0.0006 0.0002 0.25 1.00 0.0002 
10 36 0.023 0.14 1.00 0.0002 1.00 1.00 0.0002 
10 72 0.072 0.0002 0.07 0.0002 1.00 1.00 0.0002 
15 36 0.053 0.0002 0.0065 0.0002 1.00 1.00 0.0002 
15 72 0.0002 0.017 0.46 0.0002 0.90 0.99 0.0002 
 
Adhesiveness 
As expected by the hardness results, the desalting process also reduced the 
adhesiveness of the cod pieces probably due to the water increase of the samples. So, 
the negative force area for the first bite (adhesiveness) was lower in desalted cod samples 
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than in salted cod samples for both thicknesses analyzed (Table 54). However and since 
the adhesiveness values were close to zero in “thinner” pieces, such difference was only 
significant in “thicker” cod pieces (p = 0.0002). Moreover, significant differences between 
36 and 72 h of soaking were not found in both “thicker” and “thinner” pieces (p > 0.05) 
(Table 54). 
 
Taking into account the adhesiveness values, differences between desalting temperatures 
were only significant between “thicker” samples desalted at 5 ºC and “thicker” samples 
desalted at 15 ºC after 36 h (p = 0.0008) (Table 54). The higher adhesiveness value 
obtained in “thicker” samples desalted at 15 ºC after 36 h perhaps can be explained by 
the faster water uptake observed during the first hours of soaking at higher temperature 
(as reported in section 3.3). As a consequence, the samples became softer and part of 
them was likely to adhere strongly to the probe on the upward stroke. Thus, the total force 
necessary to pull the compression plunger away from the samples increased.  
 
Generally, the thickness influenced the adhesiveness values of both salted and 
rehydrated cod samples, being these values higher in “thicker” cod samples than in 
“thinner” cod samples (Table 57). These differences perhaps can be related again to the 
fact that there was penetration in “thicker” samples and only compression in “thinner” 
samples. 
 
Springiness 
Springiness or elasticity (related to the capacity of the cod to recover the initial height) 
values obtained in all “thicker” samples (salted and rehydrated samples) were always 
close to 1 (total recovery). 
According to the springiness values, differences between desalting times were not 
significant in “thicker” samples desalted at 10 ºC and at 15 ºC. Samples desalted at 5 ºC 
after 36 h presented the lower springiness value found in “thicker” samples. Additionally, 
this lower value was significantly different from the springiness value found in “thicker” 
samples desalted at 5 ºC after 72 h (p = 0.0057) (Table 54). Therefore, the slight loss of 
elasticity observed in “thicker” samples desalted at 5 ºC after 36 h was recovered again 
after 72 h. Furthermore, after desalting for 36 h, the springiness value obtained in “thicker” 
samples desalted at 5 ºC was also significantly different from the springiness value 
obtained in “thicker” samples desalted at 15 ºC (p = 0.034) (Table 54). This fact probably 
can be ascribed again to the faster water uptake observed in “thicker” samples desalted at 
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15 ºC in the first hours of soaking, which perhaps allowed the complete elasticity recovery 
observed in samples desalted at 15 ºC after 36 h. 
 
Generally, it seems that the desalting process increased the springiness of the “thinner” 
cod samples. Taking into account the Tukey´s results, the springiness values obtained in 
“thinner” samples exhibited some significant differences (p < 0.05) during desalting time at 
10 ºC and at 15 ºC, but were similar in samples desalted at 5 ºC (Table 54). The 
springiness value found in “thinner” samples desalted at 10 ºC after 36 h was significantly 
higher than the springiness value obtained in “thinner” salted cod samples (p = 0.027), 
showing an increase of the elasticity values between the first 36 h of desalting at 10 ºC. 
However, after 72 h of desalting at 10 ºC, the springiness value found in “thinner” samples 
was similar to the value obtained in “thinner” salted cod samples. In addition, the 
springiness value found in “thinner” samples desalted at 15 ºC after 72 h was significantly 
higher than the springiness values obtained in “thinner” salted cod samples and in  
“thinner” samples desalted at 15 ºC after 36 h (p = 0.0002 and p = 0.0005, respectively), 
showing a springiness increase in samples desalted at 15 ºC.  
According to the springiness values, significant differences between desalting 
temperatures were found in “thinner” samples after 72 h of soaking. Such differences 
were significant between samples desalted at 15 ºC and samples desalted at 5 ºC and at 
10 ºC (p = 0.0003 and p = 0.00015, respectively) (Table 54). So, samples desalted at 15 
ºC after 72 h exhibited the highest springiness value (1.08) found in “thinner” samples and 
recovered completely the initial height.  
 
The capacity of the cod to recover the initial height was generally lower in “thinner” 
samples than in “thicker” samples (Table 54). Moreover, the thickness significantly 
influenced the springiness of wet salted cod (p = 0.0012, Table 57). However, significant 
differences (p < 0.05) between thicknesses, according to the springiness values, were 
only found few times after cod rehydration (Table 57). 
 
Cohesiveness  
Cohesiveness (the area of the second compression cycle relative to the area of the first 
compression cycle) values increased slightly in “thinner” samples after rehydration at 
different temperatures. ANOVA provided significant differences between salted cod 
“thinner” samples and desalted cod “thinner” samples (p ≤ 0.0007). However, such trend 
was not observed in “thicker” samples (Table 54). 
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Generally, it seems that the desalting process did not change the cohesiveness of the 
“thicker” samples. Only the cohesiveness value found in “thicker” samples desalted at 5 
ºC after 36 h was significantly lower than the cohesiveness values obtained in the other 
“thicker” samples analyzed (p ≤ 0.00023 in both cases, Table 54). So, it was observed a 
decrease of cohesiveness values in “thicker” samples desalted at 5 ºC after 36 h, which is 
related with the decrease in the muscle strength retention capacity after the first 
compression. Such decrease recovered after 72 of soaking (p = 0.0020) but caused the 
only significant differences observed between soaking temperatures in “thicker” samples. 
Thus, after soaking for 36 h, samples desalted at 5 ºC were less cohesive than samples 
desalted at 10 ºC and at 15 ºC (p = 0.020 and p = 0.0002, respectively) (Table 54). 
Probably, this may be related again to the water content found in these samples.  
According to the cohesiveness values found in “thinner” samples, differences between 
desalting temperatures and between 36 and 72 h of desalting were never obtained (p > 
0.05) (Table 54). 
The thickness significantly influenced the cohesiveness of cod samples (salted and 
desalted samples), being the “thinner” samples more cohesive than the “thicker” samples 
(p = 0.0002, Table 57). However, the cohesiveness values were always lower than 1 in 
both cod pieces analyzed. As a consequence, the deformation of the first compression 
seems to be partly irrecoverable in both samples (Veland and Torrisen 1999). 
 
Fracturability 
The force at the first significant break in the TPA curve (fracturability) was not always 
detected (e.g. “thinner” samples). Therefore, rupture of the samples was not considered in 
“thinner” samples. According to Bourne (1982) not all the products fracture and probably, 
this is what happened in some samples evaluated in the current study (Table 55). It was 
only possible to compare “thicker” samples desalted at different temperatures after 36 and 
72 h of desalting. For this reason, this parameter was not considered relevant in this 
study. However, the Tukey`s test showed that significant differences between desalting 
temperatures, according to the fracturability values, were not found after 36 h of soaking 
(p > 0.05), as observed for hardness. But a significant difference between the fracturability 
value obtained in “thicker” samples desalted at 5 ºC and the fracturability value obtained 
in “thicker” samples desalted at 15 ºC after 3 days of desalting was found (p = 0.016). 
Also, slight differences between desalting times at 10 ºC and at 15 ºC were obtained (p = 
0.033 and p = 0.048, respectively), showing a slight fracturability increase in samples 
desalted at these temperatures between 36 and 72 h of soaking (Table 55). This fact can 
be related to the higher amount of water present in desalted samples after 72 h of 
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desalting (see section 3.3). So, it seems that the higher is the water content of the 
samples more difficult is to fracture them during the first downstroke. However, such 
increase was not observed at 5 ºC (Table 55). For this reason, this relation should be 
explored in further studies.  
 
Gumminess and Chewiness 
Generally, the results of gumminess (the product of hardness x cohesiveness) and 
chewiness (the product of gumminess x springiness) were consistent with the hardness 
results, as expected. All the statistical differences (p < 0.05) found between desalting 
times and temperatures in “thicker” samples for gumminess and chewiness and in 
“thinner” samples for gumminess were the same obtained for hardness (Table 55). The 
chewiness values were also lower in “thinner” desalted cod samples as compared to 
“thinner” salted cod samples. However, such difference was not significant in “thinner” 
samples desalted at 5 ºC after 72 h (p = 0.23, Table 55). Moreover, the “thinner” samples 
desalted at 5 ºC after 72 h also exhibited a higher chewiness value than the samples 
soaked at the same temperature after 36 h (p = 0.0037). These facts may be related with 
a possible water loss in samples desalted at 5 ºC after 72 h, as referred above. 
Differences between desalting temperatures in “thinner” samples were not significant 
according to the chewiness values (p > 0.05).  
In addition, the thickness significantly influenced the gumminess and the chewiness 
values found in salted cod samples (p = 0.0064 and p = 0.0002, respectively) (Table 57), 
as also observed for hardness. Thus, the “thicker” salted pieces were gummier than the 
“thinner” salted pieces and less energy is required in “thinner” samples of salted cod when 
deformed during chewing. The same trend was generally found in desalted cod samples. 
However, the thickness of the soaked samples did not influence significantly the 
gumminess and chewiness values (Table 57). So, the desalting process considerably 
reduced the differences found between thicknesses in wet salted cod, in accordance to 
the gumminess and the chewiness values. 
 
Resilience 
Resilience (Table 55) provides another measure of elasticity of fish muscle and considers 
not only the distance but also the force and speed with which the sample bounced back 
after the first compression. In all samples analyzed, resilience was smaller than 1, 
meaning the samples did not recover completely its original thickness after compression, 
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or recovered it with less force or speed than when it was compressed (Veland and 
Torrisen 1999). 
Taking into account this textural property, differences between desalting times and 
desalting temperature were not found (p > 0.05) in “thicker” pieces. Moreover, “thinner” 
samples of salted cod exhibited resilience values significantly lower than “thinner” 
samples desalted at different times and temperatures (p = 0.0002 in both cases). These 
were the only significant differences found in “thinner” samples and once again can be 
related to the water uptake found in desalted samples (Table 55). So, the “thinner” 
desalted cod samples exerted a greater force during the decompression cycle that could 
be related to a more elastic behavior. 
Furthermore, the resilience values were significantly higher in “thinner” cod samples than 
in “thicker” cod samples (p = 0.0002, Table 57). Thus, the thickness considerably 
influenced the resilience of the cod samples (salted and desalted). Veland and Torrissen 
(1999) also showed that the resilience depended on fillet thickness. The increasing fillet 
thickness resulted in a slight but significant linear decrease of resilience, when 
compression was set to a fixed percentage of fillet thickness (Veland and Torrissen 1999). 
 
Texture measurements - Overview 
Desalting promoted a decrease of hardness, gumminess, chewiness and adhesiveness in 
both cod pieces analyzed. Moreover, “thicker” samples desalted at 5 ºC after 36 h 
presented the lower springiness value and were the less cohesive of the “thicker” samples 
analyzed. Additionally, an increase of fracturability values was observed in “thicker” 
samples desalted at 10 ºC and at 15 ºC between 36 and 72 h of desalting. Furthermore, 
“thinner” desalted samples were more cohesive and resilient than “thinner” wet salted cod 
samples. And, “thinner” samples desalted at 15 ºC after 72 h were the “thinner” samples 
that exhibited the higher springiness value, followed by “thinner” samples desalted at 10 
ºC after 36 h. 
   
According to the textural properties, differences between desalting temperatures were 
only detected in the first 36 h of soaking in “thicker” samples. A less elastic and adhesive 
texture was obtained in “thicker” samples desalted at 5 ºC compared to “thicker” samples 
desalted at 15 ºC after 36 h. Furthermore, “thicker” samples desalted at 5 ºC were less 
cohesive than “thicker” samples desalted at 10 ºC and at 15 ºC after 36 h. Thus, the 
notable effect of the temperature on cod muscle texture (“thicker” samples) seems to be 
Results and Discussion 
172	  
	  
related with the faster water uptake observed in samples desalted at higher temperatures 
in the first hours of desalting.  
 
On the other hand, differences between desalting temperatures in “thinner” samples were 
only detected after 3 days of soaking. “Thinner” samples desalted at 15 ºC were more 
elastic than “thinner” samples desalted at 5 ºC and at 10 ºC after 72 h. 
In addition, “thinner” samples desalted at 5 ºC were harder and gummier than “thinner” 
samples desalted at 10 ºC and at 15 ºC after 72 h. Despite of the absence of significant 
differences between desalting temperatures for cohesiveness and chewiness, “thinner” 
samples desalted at 5 ºC were also slight less cohesive and required high energy when 
deformed during chewing than “thinner” samples desalted at 10 ºC and at 15 ºC after 72 
h. These differences probably may be related to a water loss observed in samples 
desalted at 5 ºC after 72 h.  
 
The thickness considerably influenced all the mechanical parameters evaluated in salted 
cod samples (raw material). However, only the cohesiveness and the resilience values 
obtained in desalted samples were always influenced by thickness. Whereas, the 
gumminess and chewiness found in desalted samples were never influenced by 
thickness. 
 
In summary, desalting promoted the softening of the muscle fibers associated to the 
higher amount of water present in the samples and to the proteins salting in.  
Only the adhesiveness, the cohesiveness and the springiness values showed relevant 
significant differences between desalting temperatures, and for this reason, can be 
considered good mechanical parameters to evaluate the quality of samples submitted to 
different desalting temperatures. Thus, the texture measurement does not seem to be the 
most appropriate analysis to assess instrumentally differences between products soaked 
at different temperatures. Hence, the effect of desalting temperature was the less relevant 
in terms of textural changes, being the effect of soaking time and thickness the most 
relevant. Thus, the thickness of samples must be included as a source of variation when a 
compression test is applied directly to the sample.  
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3.2.2.2 Desalting water 
3.2.2.2.1 Turbidity 
Turbidity is a measure of the degree to which the water loses its transparency due to the 
presence of suspended particulates, i.e. suspended solids and microscopic organisms. 
The more total suspended solids in the water, the murkier it seems and the higher the 
turbidity (Lenntech 2011). In other words, turbidity is a measure of the amount of finely 
divided suspended matter in water, which causes the scattering and adsorption of light 
rays (Aquascience 2012). Moreover, the turbidity is considered as a good measure of 
water quality (Lenntech 2011). 
According to Muñoz-Guerrero et al. (2010), the residual brine generated in the cod 
desalting process is an effluent with dissolved and suspended solids. Moreover, the 
particle size measurement showed a wide range of suspended particle (Muñoz-Guerrero 
et al. 2010). Therefore, the increase of suspended particulates observed after immersion 
of cod samples in desalting water was expected (fig. 32). However, the greatest significant 
increases of turbidity values found in desalting water used to desalt “thicker” and “thinner” 
samples were observed after 48 h of desalting at 10 ºC (p = 0.00015) and after 36 h of 
desalting at 15 ºC (p = 0.00015) (fig. 32). 
 
 
 
 
(A) 
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Figure 32 – Turbidity values found in desalting water (DW) used to desalt “thicker” (A) and 
“thinner” (B) samples during 72 hours at different temperatures. Results represent average values 
± standard deviations. 
 
Generally, the turbidity values obtained in desalting water used to desalt “thicker” and 
“thinner” samples varied according to the desalting temperature, in the same order 
observed for microbial results: 5 ºC < 10 ºC < 15 ºC (fig. 32). Moreover, positive and 
significant correlations (p ≤ 0.023) between mesophilic and psychrotrophic TVC and 
turbidity values obtained in desalting water used to desalt “thicker” samples was observed 
for all temperatures (Table 58). These results are in accordance with Prescott et al. 
(2005), who mentioned that when the concentration of bacteria reaches about 10 million 
cells (107) per ml, the medium appears slightly cloudy or turbid. Further increase in 
concentration results in greater turbidity and less light is transmitted through the medium 
(Prescott et al. 2005).  
 
 
 
 
 
(B) 
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Table 58 - p and r values obtained from the relation of mesophilic and psychrotrophic total viable 
counts (MTVC and PTVC) and turbidity values obtained in desalting water (DW) used to desalt 
“thicker” samples at different temperatures for 72 h (r = Spearman´s correlation coefficient).  
 
 
Correlations 
 
Desalting temperature 
  
5 ºC 
 
10 ºC 
 
15 ºC 
 
MTVC vs Turbidity 
values (DW) 
 
r = 0.531; p = 0.023 
 
r = 0.817; p = 0.000 
 
r = 0.959; p = 0.000 
PTVC vs Turbidity 
values (DW) 
r = 0.983; p = 0.000 r = 0.770; p = 0.000 r = 0.921; p = 0.000 
 
As known, the microbial growth is influenced by some environmental factors such as 
nutrient availability. Probably, bacteria used the dissolved and suspended solids present 
in desalting water as a source of nutrients and energy to grow during desalting. Thus, it 
seems that when the dissolved and suspended solids increase, the microbial growth 
increases and, consequently, the same happen with the turbidity. 
 
Before soaking, the turbidity values in distilled water were below 0.15 NTU (fig. 32). So, 
these samples were considered as not having suspended particulates.  
 
Desalting water was considered turbid when the values were above 4 NTU (Hanna 
2010b). Taking this criterion into account, desalting water samples used to desalt “thicker” 
pieces were almost turbid (close to 4 NTU) after 48 h of desalting at 5 ºC and at 10 ºC 
(3.97 and 3.55 NTU, respectively). Moreover, the desalting water samples were 
considered turbid after 72 h of desalting at 5 ºC and at 10 ºC (4.51 and 18.79 NTU, 
respectively) and after 36 h of desalting at 15 ºC (4.76 NTU). The desalting water samples 
used to desalt “thicker” cod samples reached a significant and high turbidity value of 30.74 
NTU after 72 h of desalting at 15 ºC (p = 0.00015, fig. 32A) probably due to the higher 
microbial growth found in these samples, as referred in section 3.2.3.  
 
As shown in the fig. 32A, differences of turbidity values between soaking temperatures 
were low in the first 24 h of desalting. Between 36 and 48 h of desalting, the turbidity 
values observed in desalting water used to desalt “thicker” samples at 5 ºC were similar to 
those values found at 10 ºC (p = 0.98 and p = 0.089, respectively). However, the turbidity 
values obtained from 36 h of desalting at 15 ºC were significantly higher than those values 
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obtained at 5 ºC and at 10 ºC (p = 0.00015 in both cases). Moreover, the greatest 
significant differences found between desalting temperatures were observed after 72 h of 
desalting (p = 0.00015 in both cases) (fig. 32A). 
 
The turbidity values were significantly higher in desalting water used to desalt “thinner” 
pieces than in desalting water used to desalt “thicker” pieces (p ≤ 0.00065). This possibly 
can be related to a greater amount of dissolved and suspended solids, and consequently, 
more microorganisms presented in desalting water used to desalt “thinner” samples than 
in desalting water used to desalt “thicker” samples. 
After 72 h of desalting, the turbidity values found in desalting water used to desalt 
“thinner” samples reached 15.73, 36.50 and 79.73 NTU, respectively at 5, at 10 and at 15 
ºC. Thus, less light was transmitted through the water after desalting at 15 ºC (Prescott et 
al. 2005). Although, all the turbidity values obtained in desalting water used to desalt 
“thinner” samples were above or close to 4 NTU after 12 h of desalting (fig. 32B).  
According to the fig. 32B, significant differences between soaking temperatures were 
found practically during the entire process (p = 0.00015 in both cases). Only the turbidity 
values obtained between 24 and 36 h of soaking at 5 ºC and at 15 ºC were similar (p ≥ 
0.66) (fig. 32B). Differences between the turbidity values observed in “thinner” samples 
desalted at different temperatures also can be explained by the different microbial growth 
found in these samples. 
 
Concluding, measuring turbidity changes can be used as a technique to follow microbial 
growth, as referred by other authors (Prescott et al. 2005). Thus, more rapid and sensitive 
techniques that depend on the fact that microbial cells scatter light striking them (Prescott 
et al. 2005) (e.g. turbidity) can be a good solution for industry to check microbial levels in 
desalting water and, consecutively, to monitor these levels in cod samples obtained during 
desalting without expending too much time.   
 
3.2.3 Microbiological analyses 
The results of microbial counts obtained from different salted cod samples (“thicker” and 
“thinner” pieces) desalted at different temperatures (5, 10 and 15 ºC) for 72 h, and from 
desalting water used to desalt “thicker” pieces, are shown in fig. 33, 34, 35 and in Table 
59. The evolution of psychrotrophic bacteria (TVC, proteolytic bacteria and enterobacteria) 
is shown in fig. 33, 34 and 35 and counts of mesophilic bacteria (TVC, proteolytic bacteria 
and enterobacteria) can be observed in Table 59. According to these results, it seems that 
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the bacterial growth was influenced by desalting temperature, desalting time and 
thickness of the samples.  
 
 
 
 
 
 
(A) 
(B) 
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Figure 33 – Evolution of psychrotrophic bacteria: (A) enterobacteria; (B) proteolytic bacteria and 
(C) total viable counts (TVC) in “thicker” pieces (TK) of salted cod desalted at different 
temperatures for 72 hours. Red lines indicate the limit of acceptability.  
 
 
 
(C) 
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Figure 34 – Evolution of psychrotrophic total viable counts (TVC) in “thinner” pieces of salted cod 
desalted at different temperatures for 72 hours. Red lines indicate the limit of acceptability.  
 
 
 
 
 
Figure 35 - Evolution of psychrotrophic total viable counts (TVC) in desalting water (DW) used to 
desalt “thicker” pieces at different temperatures for 72 hours. 
 
Table 59 - Counts of mesophilic bacteria (enterobacteria, proteolytic bacteria and total viable 
counts) in “thicker” pieces (TK) of salted cod desalted at different temperatures for 72 hours. And, 
counts of mesophilic total viable counts in “thinner” pieces (TN) of salted cod also submitted to 
different desalting temperatures (5, 10 and 15 ºC) for 72 h and in desalting water (DW) used to 
desalt “thicker” pieces. Results represent average values ± standard deviations. 
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Desalting time 
(h) 
 
Desalting  temperature 
 5 ºC 10 ºC 15 ºC 
 
Mesophilic 
enterobacteria TK  
(Log CFU/g) 
 
 
0 
 
0.00 ± 0.00a 
 
0.00 ± 0.00a 
 
0.00 ± 0.00a 
12 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 
24 0.00 ± 0.00a 0.00 ± 0.00a 3.29 ± 0.01b 
36 0.00 ± 0.00a 0.00 ± 0.00a 3.91 ± 0.14c 
48 0.00 ± 0.00a 0.00 ± 0.00a 4.70 ± 0.004d 
72 0.00 ± 0.00a 0.00 ± 0.00a 7.19 ± 0.01e 
 
Mesophilic 
proteolytic bacteria 
TK  
(Log CFU/g) 
 
 
0 
 
2.83 ± 0.05b 
 
2.83 ± 0.05b 
 
2.83 ± 0.05b 
12 2.52 ± 0.04a 3.40 ± 0.03d 5.03 ± 0.05f 
24 3.16 ± 0.01c 5.06 ± 0.02f 6.32 ± 0.03i 
36 2.77 ± 0.004b 5.38 ± 0.03g 6.12 ± 0.04h 
48 3.42 ± 0.06d 5.50 ± 0.06g 6.27 ± 0.02i 
72 4.25 ± 0.03e 5.50 ± 0.02g 7.12 ± 0.06j 
 
Mesophilic total 
viable counts TK 
(Log CFU/g) 
 
 
 
0 
 
2.28 ± 0.02a 
  
2.28 ± 0.02a 
 
2.28 ± 0.02a 
12 2.50 ± 0.02b 3.39 ± 0.01e 5.04 ± 0.002i 
24 2.90 ± 0.06d 4.86 ± 0.01h 6.48 ± 0.001m 
36 2.72 ± 0.02c 5.48 ± 0.01k 6.18 ± 0.01l 
48 3.52 ± 0.01f 5.52 ± 0.04k 6.43 ± 0.06m 
72 4.11 ± 0.04g 5.38 ± 0.08j 7.23 ± 0.03n 
 
Mesophilic total 
viable counts TN 
(Log CFU/g) 
 
 
 
 
Mesophilic total 
viable counts 
DW 
(log CFU/g) 
 
 
 
0 
 
2.81 ± 0.03a 
 
2.81 ± 0.03a 
 
2.81 ± 0.03a 
12 2.90 ± 0.06a,b 3.03 ± 0.07b,c 3.12 ± 0.05c 
24 
36 
48 
72 
 
0 
12 
24 
36 
48 
72 
2.97 ± 0.01b 
2.96 ± 0.01b 
2.97 ± 0.01b 
3.52 ± 0.05d 
 
2.74 ± 0.04a 
3.87 ± 0.03c 
3.23 ± 0.003b 
3.23 ± 0.03b 
3.33 ± 0.01b 
3.29 ± 0.04b 
3.48 ± 0.01d 
3.57 ± 0.03d 
4.65 ± 0.05f 
6.08 ± 0.09h 
 
2.74 ± 0.04a 
5.36 ± 0.003f 
5.23 ± 0.004e 
5.39 ± 0.01f 
5.37 ± 0.01f 
6.04 ± 0.08h 
4.37 ± 0.01e 
5.59 ± 0.01g 
6.40 ± 0.01i 
6.49 ± 0.07i 
 
2.74 ± 0.04a 
4.78 ± 0.06d 
5.74 ± 0.04g 
6.97 ± 0.01i 
7.12 ± 0.003j 
7.79 ± 0.01k 
 
 
For each microbial parameter, different lowercase superscript letters indicate significant differences between 
hours of soaking and temperatures (p < 0.05). 
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3.2.3.1 Counts of coagulase-positive Staphylococcus aureus, enterobacteria and 
H2S producing bacteria in “thicker” samples 
As referred above, the coagulase-positive Staphylococci are not included in the intrinsic 
microflora of cod (Rodrigues 2006). The classical transfer of Staphylococcus aureus into 
the food chain is almost always from human (e.g. handling) to the food or equipment (r-
Biopharm 2012). Therefore, these Gram-positive, catalase-positive cocci, which cause 
several disease syndromes in humans, including foodborne gastroenteritis (Jay 2000) 
were used as an indicator of hygienic conditions during handling (Pedro et al. 2004). 
However, coagulase-positive S. aureus did not appear in the raw material (salted cod). 
For this reason, this analysis was never done during the desalting processes. Also, 
Rodrigues (2006) did not confirm the presence of S. aureus in samples of wet salted cod.  
 
As in the salt-curing experiments, the enterobacteria counts were performed during the 
desalting processes to monitor the hygienic and commercial quality of cod products 
(bioMérieux 2006). Moreover, the H2S producing bacteria (e.g. Shewanella putrefaciens) 
were considered as having a high spoilage potential (Pedro et al. 2002a; Rodrigues et al. 
2003), which demonstrate the relevance of this analysis.  
 
Enterobacteria (psychrotrophic and mesophilic) and H2S producing bacteria only 
appeared in batches run at 15 ºC, respectively after 24 h (fig. 33A and Table 59) and 72 h 
of desalting (2.04 log CFU/g). Magnússon et al. (2006) also showed that cod fillets 
desalted under chilled conditions (3 ºC to 5 ºC) did not present Enterobacteriaceae nor S. 
aureus. In addition, when Pedro et al. (2002a) tested strains, purified from desalted cod, 
for the production of hydrogen sulfide, they did not detect hydrogen sulfide in samples 
desalted at 4 ºC. However, these authors revealed that the ability to produce hydrogen 
sulfide was observed in strains isolated in cod desalted at 24 ºC, despite of their absence 
in the raw material. Such findings suggest that the desalting process performed at higher 
temperatures can either introduce or recover sulfide hydrogen producing strains (Pedro et 
al. 2002a), as observed in the current study. Rodrigues et al. (2003) also demonstrated 
that it is probable that the growth of strains with the ability to produce H2S during soaking 
might contribute to the spoilage of soaked cod products. Thus, the presence of H2S 
producing bacteria in samples desalted at 15 ºC after 72 h can reflect a product that was 
close to spoilage.  
 
Generally, bacteria belonging to the Enterobacteriaceae family, such as Escherichia coli 
and Salmonella, do not tolerate high salt levels (Colavita et al. 2003). In addition, it was 
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been reported that the growth of these bacteria is usually inhibited in the presence of 4 % 
to 5 % NaCl. Increased inhibition is seen at low temperature (Huss 1994). As mentioned 
above, the salt content decreased during desalting, reaching approximately 3 % after 24 h 
of desalting at 15 ºC (see section 3.3). The combined effect of higher desalting 
temperature and low salt content found from 24 h is possibly the reason of the significant 
growth of mesophilic and psychrotrophic enterobacteria from 24 h up to 72 h of desalting 
(p = 0.00017 in both cases). The psychrotrophic and mesophilic enterobacteria showed 
similar behavior during the desalting processes studied (fig. 33A and Table 59). 
Pedro et al. (2004) stated that no E. coli was recovered from wet/dried salted cod 
samples, as observed in the current study for enterobacteriaceae family. Nevertheless, 
the same authors also mentioned that the presence of E. coli was only detected in dried 
salted cod samples desalted for 24 h at 20 ºC (6 % with levels of approximately 103 E. 
coli/g). The final salt content of these desalted samples was approximately 3 ± 0.5 %, a 
similar value to that obtained in the samples of the present study desalted at 15 ºC after 
24 h (Pedro et al. 2004). Higher levels of coliforms, belonging to the enterobacteriaceae 
family, were also detected in samples desalted at 20 ºC, in contrast to those desalted at 3 
ºC. The much higher frequency of coliforms and E. coli positive samples in desalted 
products was explained by a possible presence of sub-lethally damaged bacteria in raw 
material, which could not be detected (Pedro et al. 2004). Thus, the salting probably 
injured some of the microorganisms belonging to the enterobacteriaceae family, which 
were only recovered after rehydration step, with enhanced recovery at higher 
temperatures, as referred by Pedro et al. (2004). 
 
3.2.3.2 Total viable counts (TVC) and proteolytic bacteria  
For desalting experiments, the total viable count was also used as another indicator that 
allows the monitoring of hygienic and commercial quality of food (bioMérieux 2006). 
Additionally, the count of proteolytic bacteria was also chosen as an indicator of spoilage 
(Huss 1995). 
During desalting for 72 h, the psychrotrophic and mesophilic TVC found in fish loins 
(“thicker” and “thinner” pieces) and in desalting water used to desalt “thicker” samples 
varied generally according to the desalting temperature, in the following order: 5 ºC < 10 
ºC < 15 ºC (fig. 33C, 34, 35 and Table 59). The same pattern was observed with the 
results of proteolytic bacteria enumerated in “thicker” samples of desalted cod (p = 
0.00017 in both cases) (fig. 33B). However, clear differences observed between the three 
desalting temperatures, according to the mesophilic and psychrotrophic TVC found in 
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“thinner” pieces, were only seen, respectively after 24 h and 36 h of desalting (p ≤ 
0.00061 in both cases) (fig. 34 and Table 59).  
Pedro et al. (2002a) also mentioned that the desalting temperature was determinant for 
the level of microorganisms present in desalted cod. They found that the microbial load of 
cod samples desalted at 4 ºC was much lower than that from samples desalted at 24 ºC, 
probably resulting from the combined effect of lower temperature and higher salt content 
(Pedro et al. 2002a).  
 
3.2.3.2.1 “Thicker” samples 
According to the values of mesophilic and psychrotrophic TVC found in “thicker” samples, 
significant differences between desalting temperatures were always found during 72 h of 
desalting (p = 0.00017 in both cases).  
 
During cod rehydration, an increase of the number of psychrotrophic and mesophilic TVC 
and psychrotrophic and mesophilic proteolytic bacteria was generally observed for all 
temperatures (p ≤ 0.00018 in both cases). This increase was approximately of 2, 3 and 5 
log CFU/g at 5, at 10 and at 15 ºC, respectively, being only slightly lower for mesophilic 
proteolytic bacteria (fig. 33B, 33C and Table 59).  
The greatest significant increase (1.40 to 1.70 log CFU/g) of proteolytic bacteria and TVC 
(both mesophilic and psychrotrophic) in “thicker” samples desalted at 5 ºC was generally 
observed between 36 and 72 h of desalting (p = 0.00017 in both cases) (fig. 33B and 33C 
and Table 59). This may be related to the slower kinetics of salt loss and water uptake 
found in “thicker” samples desalted at 5 ºC (see section 3.3). Thus, such increase 
occurred only after a decrease of 16.3 % (w/w) salt content (of a total of 17.3 % (w/w) 
during the entire process) and an increase of 20 % (w/w) water content (of a total of 24 % 
(w/w) during all process) (at 48 h of soaking) (see section 3.3). 
 
The great increase of TVC and proteolytic bacteria (both mesophilic and psychrotrophic) 
in “thicker” samples was observed in the first 36 h and 24 h of soaking, respectively at 10 
ºC and at 15 ºC (p = 0.00017 in both cases). There was no further significant increase 
after 36 h of desalting at 10 ºC (p > 0.05) for both proteolytic bacteria and for mesophilic 
TVC. However, another significant increase was observed between 48 and 72 h of 
desalting at 15 ºC for both proteolytic bacteria and for both TVC analyzed (p = 0.00017 in 
both cases) (fig. 33B, 33C and Table 59). Despite of the growth of psychotropic TVC had 
been more pronounced in the first 36 h (3.45 log CFU/g) and 24 h (4.59 log CFU/g) of 
desalting, respectively at 10 ºC and at 15 ºC, these bacteria increased slightly until 48 h of 
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soaking at 10 ºC (p = 0.0002) and until 36 h of desalting at 15 ºC (p = 0.0002) (fig. 33C). 
The great increase of TVC and proteolytic bacteria (both mesophilic and psychrotrophic) 
obtained in “thicker” samples desalted at 10 ºC and at 15 ºC perhaps can be explained by 
the fact that the higher water uptake and, consequently, the greatest decrease of salt 
content in the muscle of those samples occurred in the initial phase of soaking (see 
section 3.3). After 36 h and 24 h of desalting, respectively, at 10 ºC and at 15 ºC, salt 
losses of 16 % (w/w) (of a total of approximately 17 % (w/w) throughout the processes) 
and water uptakes of 20 % (w/w) (of a total of approximately 22 % (w/w) and 24 % (w/w), 
respectively at 10 ºC and at 15 ºC, observed over 72 h) (see section 3.3) were obtained in 
“thicker” samples. Thus, the microorganisms that prefer low salt contents and high water 
contents to grow increased faster after those times. Moreover, the combined effect of 
higher temperature and low salt content (approximately 2 %) found in “thicker” samples 
desalted at 15 ºC after 48 h possibly allowed the microbial increase observed between 48 
and 72 h of soaking at 15 ºC.  
Rodrigues et al. (2003) also reported that the salt and moisture contents of desalted 
products will certainly encourage both growth and activity of the isolated microorganisms 
and, thus these strains might contribute to the spoilage process of soaked cod. Moreover, 
the water content of approximately 70 % (w/w) and the salt concentration of 2 % to 4 % 
(w/w) obtained after rehydration of salt-cured and dried salt-cured cod were considered as 
favorable conditions for bacterial growth (Bjørkevoll et al. 2003). 
 
It has been stated that psychrotrophic bacteria can participate in the spoilage of 
refrigerated fish (Huss 1994; Jay 2000) and can remain a long time in processed chilled 
foods (Rodrigues 2006). The psychrotrophic and mesophilic bacteria (proteolytic bacteria 
and TVC) showed generally similar behavior (fig. 33B, 33C and Table 59) during desalting 
at different temperatures for 72 h. Also, Fernández-Segovia et al. (2007) reported the 
same. However, a slight increase of psychrotrophic bacteria (proteolytic and TVC) 
compared to mesophilic bacteria (proteolytic and TVC) was seen in samples desalted at 5 
ºC after 48 h and 36 h of desalting, respectively. Rodrigues et al. (2003) also 
demonstrated that the refrigerated soaking process encourages the halotolerant and 
moderately halophilic psychrotrophs that have survived the salting and/or drying. 
Moreover, salted cod samples showed a higher number of mesophilic (proteolytic bacteria 
and TVC) colonies.  
 
According to the Gram reaction test (KOH method), all colonies of psychrotrophic 
proteolytic bacteria selected were considered Gram-negative. In addition, it has been 
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shown that 92 % to 100 % of the total psychrotrophic flora exhibited proteolytic activity 
and 97 % a 100 % of the total mesophilic flora presented proteolytic activity. According to 
Rodrigues et al. (2003), Pseudomonas seem to be the predominant microflora in soaked 
cod products.  
Moreover, Aas et al. (2010) analyzed the development of TVC in salt-cured cod after 
being rehydrated in sterile water. They found that Psychrobacter grew well in the 
rehydrated fish during chilled storage and represented more than 99 % of the total viable 
count. Bjørkevoll et al. (2003) also reported that Psychrobacter spp. dominate the 
microflora in rehydrated salt-cured cod, are specific spoilage bacteria in the product, and 
that rehydrated fish usually get spoiled when the count reaches around 107 CFU/g.  
 
Acceptability limits 
There are not defined microbial criteria for desalted cod. However, it has been shown that 
the spoilage process of desalted cod would approach that of the fresh cod spoilage 
(Rodrigues et al. 2003). For this reason, a limit for the evaluation of psychrotrophic 
spoilage in desalted cod was used considering this product as a raw fish, as done by 
Rodrigues (2006). Dalgaard et al. (1993) mentioned that the numbers of psychrotrophic 
bacteria in cod fillets stored at 0 ºC reach levels of 107 to 108 CFU/g when the fish is 
spoiled. This figure was also taken as the level of spoilage in fish by other authors 
(Arashisar et al. 2004; Fernández-Segovia et al. 2007). Taking this limit into account, the 
psychrotrophic proteolytic bacteria reached 7 log CFU/g in “thicker” samples desalted at 
15 ºC after 72 h. Moreover, psychrotrophic TVC and psychrotrophic enterobacteria 
exceeded 7 log CFU/g in the same samples after 72 h of desalting. Additionally, the 
psychrotrophic bacteria never reached 107 CFU/g in “thicker” cod samples desalted at 5 
ºC and at 10 ºC (fig. 33). 
 
Furthermore, 106 CFU/g of mesophilic bacteria was used as the limit for the evaluation of 
microbial spoilage in the current study. When counts reach 106 CFU/g, the food product 
was assumed to be at or near spoilage (Pascual and Calderón 2000; Arashisar et al. 
2004; Fernández-Segovia et al. 2007). As shown in Table 59, mesophilic proteolytic 
bacteria and mesophilic TVC exceeded 6 log CFU/g in “thicker” samples desalted at 15 ºC 
after 24 h. Furthermore, mesophilic enterobacteria also exceeded the considered 
acceptability limit in “thicker” samples desalted at 15 ºC after 72 h (Table 59). Although 
Arashisar et al. (2004) used a lower acceptability limit for enterobacteria (105 CFU/g). 
Taking this limit into consideration, “thicker” samples desalted at 15 ºC were near spoilage 
after 48 h of desalting (Table 59). 
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The microbial growth found in cod samples desalted at 5 ºC and at 10 ºC never reached 
106 CFU/g. However, growth of mesophilic TVC and mesophilic proteolytic bacteria was 
well over 105 CFU/g in “thicker” samples desalted at 10 ºC after 36 h, and reflected 
product that was close to spoilage. For this reason, it is recommended desalt “thicker” cod 
samples at lower temperatures (below 10 ºC) to maintain these microorganisms at an 
appropriate level and, consequently, delay the spoilage of desalted cod samples. These 
results are in accordance with Pedro et al. (2002), who showed that cod desalting at 4 ºC 
was of great importance in order to improve the shelf life and safety of cod desalted 
products. So, it seems that desalting at lower temperature is a good practice to prevent 
the microbial growth. 
 
3.2.3.2.2 “Thinner” samples (TVC) 
Despite the main increase of mesophilic and psychrotrophic TVC in “thicker” samples 
desalted at 5 ºC was observed after 36 h, some growth (between 0.5-1.0 log CFU/g) was 
observed in the first 36 h of soaking in these products. However, the number of mesophilic 
and psychrotrophic TVC observed in “thinner” pieces desalted at 5 ºC was practically the 
same until 48 h and 36 h of desalting (p > 0.05), respectively. During soaking, the growth 
of mesophilic and psychrotrophic TVC obtained in “thicker” pieces desalted at 5 ºC (1.84 
and 2.33 log CFU/g, respectively) was higher than those found for the same bacteria in 
“thinner” pieces desalted at 5 ºC (0.72 log CFU/g (0.56 log CFU/g between 48 h and 72 h) 
and 1.30 log CFU/g (1.82 log CFU/g between 36 and 72 h), respectively) (Table 59, fig. 
33C and 34). So, a slow and low growth was found in “thinner” samples desalted at 5 ºC, 
lower than the slow and low growth observed in “thicker” samples desalted at 5 ºC. The 
microbial increase observed in “thinner” samples desalted at 5 ºC perhaps can be related 
to the low salt content obtained in these samples after 36 h of soaking (below 2 %, see 
section 3.3). 
 
Contrary to the great increase of mesophilic and psychrotrophic TVC observed in “thicker” 
pieces desalted at 10 ºC during the first 36 h of desalting (3.20 and 3.45 log CFU/g, 
respectively), these bacteria increased greatly after 36 h and after 12 h of desalting, 
respectively until the end of the process (2.51 and 3.55 log CFU/g, respectively) (p = 
0.00017 in both cases) in “thinner” samples (Table 59 and fig. 34). After desalting for 12 h, 
“thinner” samples showed approximately 16 % (w/w) of salt loss (from a total of 
approximately 17 % (w/w)) and approximately 22 % (w/w) of water uptake (from a total of 
26 %). So, the salt content found at this time is conducive for microbial growth. 
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The mesophilic TVC grew significantly (p = 0.00017) in “thinner” pieces desalted at 15 ºC 
until 48 h. Moreover, the great increase of psychrotrophic TVC found in “thinner” samples 
desalted at 15 ºC happened after 24 h of soaking (Table 59 and fig. 34). At this time, the 
salt and water contents were approximately 2 % and 82 %, respectively (see section 3.3). 
Thus, the pronounced growth of these bacteria observed during the first 24 h of soaking at 
15 ºC in “thicker” samples was not found in “thinner” samples. So, the great increase of 
these bacteria occurred earlier in “thicker” pieces than in “thinner” samples. For this 
reason, the growth of these bacteria seems to be influenced by the thickness of the 
samples. Moreover, it seems that the combined effect of higher temperature and the 
kinetics of salt loss and water uptake observed during desalting at 15 ºC, conducive 
conditions for microbial growth, were also responsible for the microbial pattern found in 
“thinner” samples desalted at 15 ºC. 
 
Generally, the psychrotrophic TVC showed similar behavior to mesophilic TVC in the 
“thinner” samples (salted samples (0 h of desalting) and samples desalted at different 
temperatures). However, the number of psychrotrophic TVC was slightly higher than the 
number of mesophilic TVC in “thinner” samples desalted at 5 ºC between 48 and 72 h. 
Moreover, the higher desalting temperature (15 ºC) allowed a faster growth of mesophilic 
than of psychrotrophic TVC in “thinner” samples after 24 h of soaking.  
 
The values of psychrotrophic TVC in “thinner” samples desalted at 5, at 10 and at 15 ºC 
never reached the limit considered for acceptability (107 CFU/g) (fig. 34). The same was 
observed for mesophilic TVC in “thinner” samples desalted at 5 ºC. However, when 
“thinner” samples were desalted at 10 ºC or at 15 ºC, the number of mesophilic TVC 
reached or exceeded the limit considered for microbial spoilage (106 CFU/g), respectively 
after 72 h and 48 h of desalting (Table 59), time exceeding the desalting time needed in 
“thinner” samples (see section 3.3). These facts advise that desalting of “thinner” salted 
cod samples also should be made at lower temperatures, both from a safety and shelf life 
point of view. 
 
Differences between thicknesses (TVC) 
Generally, the number of mesophilic and psychrotrophic TVC obtained in “thinner” 
samples was significantly different from those observed in “thicker” samples during 
desalting at different temperatures. Such values were higher in “thinner” salted cod 
samples than in “thicker” salted cod samples. However, the opposite pattern was 
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generally observed for desalted samples (fig. 33C, 34 and Tables 59, 60). For example, 
the number of mesophilic TVC in “thicker” pieces desalted at 10 ºC after 36 h was 5.48 log 
CFU/g, while in “thinner” pieces desalted at 10 ºC after 36 h was 3.57 log CFU/g, 
approximately 2 log CFU/g of difference (Table 59). Additionally, the TVC difference found 
between “thicker” and “thinner” samples desalted at 15 ºC after 24 h was 2.11 and 3.24 
log CFU/g for mesophilic and psychrotrophic bacteria, respectively (fig. 33C, 34 and Table 
59).  
 
Table 60 - p values (Tukey´s test) obtained from the comparison of mesophilic (Mes.) and 
psychrotrophic (Psych.) total viable counts (TVC) found in “thicker” samples with those counts 
obtained in “thinner” samples desalted at different times and temperatures. 
 
 
Time (h) 
 
Temperature 
 5 ºC 10 ºC 15 ºC 
 Mes. Psych. Mes. Psych. Mes. Psych. 
 
0 
 
0.00016 
 
0.00016 
 
0.00016 
 
0.00016 
 
0.00016 
 
0.00016 
12 0.00016 0.00016 0.00016 0.00016 0.00016 0.00016 
24 0.98 0.00016 0.00016 0.00016 0.00016 0.00016 
36 0.00016 0.00016 0.00016 0.00016 0.00016 0.00016 
48 0.00016 0.00016 0.00016 0.00016 1.00 0.00016 
72 0.00016 0.00016 0.00016 0.00016 0.00016 0.00016 
 
Although, the values of mesophilic TVC found in the first 36 h of soaking at 5 ºC were 
higher in “thinner” samples than in “thicker” samples (Table 59). The same was obtained 
in the first 12 h of desalting at 5 ºC for psychrotrophic TVC (fig. 33C and 34). Firstly, we 
could think that these differences perhaps should be related to the faster mass transfer 
kinetics observed in “thinner” samples compared to “thicker” samples in the first hours of 
soaking (see section 3.3). However, the growth of mesophilic and psychrotrophic TVC 
was practically absent, respectively during the first 36 and 48 h of desalting at 5 ºC, as 
referred above (fig. 34). Therefore, the higher mesophilic and psychrotrophic TVC values 
found during the first hours of soaking in “thinner” samples desalted at 5 ºC compared to 
“thicker” samples desalted at 5 ºC perhaps can be explained by the number of these 
bacteria observed in the respective raw material (“thicker” and “thinner” salted cod 
samples) (fig. 33C, 34 and Table 59). After 72 h of soaking at 10 ºC, the values of 
mesophilic and psychrotrophic TVC found in “thinner” samples were also slightly higher 
(6.08 and 5.69 log CFU/g, respectively) than those obtained in “thicker” samples (5.38 and 
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5.24 log CFU/g, respectively) (fig. 33C, 34 and Table 59). However, these final differences 
were below 1 log CFU/g, so are very low to be considered relevant.  
 
3.2.3.2.3 Desalting water (TVC) 
According to the mesophilic and psychrotrophic TVC values found in desalting water, 
significant differences between desalting temperatures were always found during 72 h of 
desalting (p = 0.00017 in both cases).  
 
Generally, the number of mesophilic TVC was higher than the number of psychrotrophic 
TVC in desalting water used to desalt “thicker” samples at different temperatures for 72 h. 
For example, the differences between both groups were above 1 log CFU/g in desalting 
water used to desalt “thicker” samples at 10 ºC for 72 h. In addition, the distilled water 
samples analyzed before soaking (0 h of desalting) presented some mesophilic TVC while 
the psychrotrophic TVC were absent in these samples (fig. 35 and Table 59).  
 
Briefly, mesophilic TVC increased in desalting water during the first 12 h of soaking at 5 
ºC and at 10 ºC (1.13 and 2.63 log CFU/g, respectively) (p = 0.00017 in both cases). After 
that time, the number of these bacteria remained practically stable until the end of the 
process at 5 ºC and until 48 h of desalting at 10 ºC. However, another significant increase 
of these bacteria was observed in desalting water between 48 and 72 h of soaking at 10 
ºC (p = 0.00017), reaching a final value of 6.04 log CFU/g. Moreover, mesophilic TVC 
increased significantly in desalting water used to desalt “thicker” samples at 15 ºC (p ≤ 
0.00045) throughout all the desalting process. Although the great increase (4.23 log 
CFU/g) of these bacteria was obtained in the first 36 h of soaking  at 15 ºC, reaching a 
high value of 7 log CFU/g after that time. The value of mesophilic TVC found in desalting 
water used to desalted “thicker” samples at 15 ºC was close 8 log CFU/g after 72 h of 
desalting (Table 59). 
 
Psychrotrophic TVC only appeared in desalting water after 12 h of desalting, presenting 
the following values: 2.27, 3.40 and 4.26 log CFU/g at 5, at 10 and at 15 ºC, respectively 
(fig. 35). Between 24 and 72 h of desalting at 5 ºC, these bacteria only increased slightly 
in desalting water (p ≤ 0.00021), reaching a low value of 3.31 log CFU/g, similar to the 
value found in mesophilic TVC (fig. 35).  
The pattern of psychrotrophic TVC was similar to the pattern of mesophilic TVC in 
desalting water used to desalt “thicker” samples at 10 ºC throughout 72 h. The major 
difference was an increase of 1 log CFU/g of psychrotrophic TVC found between 24 and 
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36 h of soaking. The value of psychrotrophic TVC observed in desalting water after 72 h 
of desalting at 10 ºC was approximately 5 log CFU/g.  
The growth of these bacteria in desalting water used to desalt “thicker” samples at 15 ºC 
was more pronounced in the first 36 h of desalting. Then, psychrotrophic TVC remained 
stable, presenting a final value of 7 log CFU/g.  
 
Muñoz-Guerrero et al. (2010) mentioned that desalting is a solid-liquid extraction 
operation in which several components are transferred from salted cod to desalting water. 
Taking this idea into account, it was expected that the number of mesophilic and 
psychrotrophic TVC found in desalting water was influenced by a leaching of these 
bacteria from the fish to desalting water. Moreover, the salt content obtained in desalting 
water was always below (approximately) 2 % throughout the entire process (see section 
3.3). These low salt contents are optimal conditions for microbial growth and perhaps 
contributed to the growth of these bacteria in desalting water mainly when the process 
was not made at lower temperatures.  
 
Concluding, it seems that the measurement of TVC in desalting water is a possible way to 
estimate the number of these bacteria in cod samples during desalting. Thus, this analysis 
can be performed to estimate the quality of desalted cod products. However, it should be 
noted that the number of these bacteria was sometimes higher in soaking water than in 
cod samples. 
 
It is necessary to take into account that some of the microorganisms presented in lower 
number in cod samples or in desalting water might be missed/underrepresented when the 
dilution process takes place and that might have an impact on product shelf life or safety. 
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3.2.4 Sensory evaluation  
The results of sensory analysis performed in cooked samples of desalted cod after 72 h of 
soaking at different temperatures are shown in fig. 36. 
 
 
 
Figure 36 - Intensity of sensory attributes (cm) evaluated in cooked samples of desalted cod 
submitted to different desalting temperatures (5, 10 and 15 ºC) for 72 h. Results represent mean 
values calculated from scores given by an experienced panel of seven assessors. 
 
According to the fig. 36, samples desalted at 15 ºC exhibited the lowest intensity of fresh 
odor (approximately 45 % of the scale, Table 61) and the highest intensity of “off”-flavors 
(37 % of the scale, Table 61). Such differences were significant between samples 
desalted at 15 ºC and samples desalted at 5 ºC for fresh odor (p = 0.028) and between 
samples desalted at 15 ºC and samples desalted at 5 ºC and at 10 ºC for “off”-flavors 
(tastes and odors not characteristics) (p = 0.00060 and p = 0.0016, respectively). Globally, 
the panel was unable to describe the “off”-flavors and only an assessor pointed the 
product desalted at 15 ºC with a sour odor and other with a slight musty odor. Probably, 
the highest intensity of “off”-flavors obtained in samples desalted at 15 ºC was related to 
the high bacterial counts found in these samples. According to Pedro et al. (2002a) many 
fish products are rejected due to odors and flavors that are caused by bacterial 
metabolism. Moreover, Bjorkevoll et al. (2003) stated that salt-cured and dried salt-cured 
1.1 ≤ SD ≤ 2.8 
0.8 ≤ SD ≤ 1.7 
1.3 ≤ SD ≤ 2.1 
0.8 ≤ SD ≤ 2.2 
1.6 ≤ SD ≤ 2.0 
1.6 ≤ SD ≤ 2.8 
0.8 ≤ SD ≤ 2.4 
1.4 ≤ SD ≤ 2.1 
0.9  ≤ SD ≤ 2.0 
0.9 ≤ SD ≤ 2.0 
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cod rehydrated have a short shelf life at 4 ºC due to high bacterial counts. The microbiota 
developed “off”-odors which partly were described as musty, causing sensory rejection 
within 7 to 10 days of chilled storage (Bjorkevoll et al. 2003). The same authors also 
revealed that it was Psychrobacter sp, considered the major spoilage bacteria in desalted 
cod, which caused the musty “off”-odor found in cod products (Bjorkevoll et al. 2003). In 
addition, Pedro et al. (2002a) reported that the occurrence of active spoilers (strains 
producing “off”-odors) was higher in the final samples soaked at 24 ºC than in the final 
samples desalted at 4 ºC, despite of their absence in wet salted cod. Our findings suggest 
that the desalting process can either introduce or recover strains able to produce “off”-
flavors, as stated by Pedro et al. (2002a) for “off”-odors. 
 
Significant differences between desalting temperatures regarding taste (fresh and salt), 
color (white and cream) and texture (juiciness and chips formation) were not found (p > 
0.05) (statistical data not shown).  
Despite of the absence of significant differences between temperatures, samples desalted 
at 15 ºC exhibited the lowest intensity of fresh taste and samples desalted at 5 ºC 
presented the highest intensity of salt taste (fig. 36). The intensity of fresh and salt tastes 
assigned to samples desalted at 15 ºC may be related to the presence of some strains 
producing “off”-flavors in these samples. Possibly, the not characteristic (changed) tastes 
producing by these bacteria may have masked a little the intensity of salt and fresh tastes 
in samples desalted at 15 ºC compared to samples desalted at 5 ºC. Moreover, this 
assumption can also be taken because the salt content found in all desalted samples was 
similar after 72 h (approximately 2 %, Table 38).   
 
The panel considered mostly the white color for this type of product (around 70 % of the 
scale for all the temperatures analyzed) (Table 61). However, a slight discoloration, i.e. a 
change of the product color and, consequently, the appearance of a different color (cream 
color) was observed. Despite of the absent of significant differences between desalting 
temperatures for cream color, the discoloration was more intense in samples desalted at 
15 ºC (36.1 % of the scale, Table 61) (fig. 36). So, it seems that desalting at high 
temperatures makes the fish more cream.  
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Table 61 - % of acceptability of the different attributes (100 % represent the maximum of the scale, 
corresponding to 12-cm). 
 
 
Attributes evaluated 
 
Desalting temperature 
 5 ºC 10 ºC 15 ºC 
 
Fresh odor (%) 
 
68.1 
 
63.6 
 
45.1 
Fresh taste (%) 70.6 72.0 63.1 
Salt taste (%) 91.5 77.3 78.6 
“Off”-flavors (%) 7.3 10.9 37.0 
White color (%) 73.1 72.9 71.1 
Discoloration (cream 
color) (%) 
18.5 28.6 36.1 
Firmness (%) 79.8 73.5 59.7 
Juiciness (%) 66.6 63.0 61.0 
Chips formation (%) 78.0 78.2 77.6 
Acceptance score (%) 61.5 69.9 50.6 
 
Acceptability limits: 
Positive attribute - 50 % of the scale (corresponding to 6-cm). 
Negative attribute - 40 % of the scale (corresponding to 4.8-cm). 
 
Taking into account the fig. 36, samples desalted at 5 ºC were slightly juicier than samples 
desalted at 15 ºC, despite of the absence of significant differences between temperatures. 
Additionally, cod samples desalted at 5 ºC were also considered slightly firmer than those 
desalted at 15 ºC (p = 0.044) (fig. 36). According to these textural attributes (juiciness and 
firmness), it can be stated that the panel preferred the texture of samples desalted at 5 ºC 
than the texture of samples desalted at 15 ºC. However, the chips formation was similar in 
all samples analyzed (fig. 36). So, the chips formation was not considered a good attribute 
to evaluate quality differences in cod products desalted at different temperatures. 
 
Globally, the assessors gave the lower acceptance score to the samples desalted at 15 ºC 
(50.6 % of the scale, Table 61). One assessor pointed that the samples desalted at this 
temperature had the worse texture and other panelist indicated that these samples were 
more fibrous. When one way ANOVA was applied to the results of acceptance score, 
significant differences between samples desalted at 5 ºC and samples desalted at 10 ºC 
were not found (p = 0.45). However, statistical differences were found between samples 
desalted at 10 ºC and samples desalted at 15 ºC (p = 0.032). The assessors who gave a 
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higher acceptance score to the samples desalted at 10 ºC instead of samples desalted at 
5 ºC explained that the samples desalted at 5 ºC were more salty and, for this reason, 
they preferred the samples desalted at 10 ºC. 
 
Based on the fresh odor and on the “off”-flavors results, samples desalted at 15 ºC may 
be considered at the limit of acceptability. The intensity of fresh odor was already below 
the acceptability limit and the intensity of “off”-flavor was close to the limit (Table 61). So, 
the higher desalting temperature did not maintain the high quality of the products. And, it 
can be stated that samples desalted at 15 ºC can reflect a product that was close to 
spoilage. Moreover, the highest intensity of firmness, juiciness and fresh taste found in 
samples desalted at 5 ºC compared to samples desalted at 15 ºC helped to comproved 
again that desalting needs to be made at lower temperatures.  
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3.3 Mass transfer kinetics during the cod desalting process  
3.3.1 Chemical and physical analyses  
 
Water, salt and ash contents (cod samples) 
The desalting process resulted in water uptake (hydration of the muscle) and salt leaching 
out of the muscle (fig. 37 and 38), as already mentioned in section 3.2.1 and also reported 
by other authors (Barat et al. 2004b,c; Heredia et al. 2007; Thorarinsdóttir 2010). It has 
been stated that the water uptake during rehydration of salt-cured fish is due to protein 
rehydration and osmotic effects of the salt (Barat et al. 2006; Aas et al. 2010). 
 
After desalting for 150 h, the moisture of salted cod samples increased up to 82.9, 83.1 
and 83.2 %, respectively in “thicker” cod pieces desalted at 5, at 10 and at 15 ºC and up 
to 83.2, 83.3 and 83.2 %, respectively in “thinner” cod pieces desalted at 5, at 10 and at 
15 ºC (p = 0.00019 in both cases) (fig. 37). In what concerns the salt content, a significant 
decrease up to 1.7, 1.9 and 1.9 % was observed, respectively in “thicker” cod pieces 
desalted at 5, at 10 and at 15 ºC after 150 h (p = 0.00019 in both cases) (fig. 38). 
Furthermore, the salt content of “thinner” salted cod samples decreased up to 1.8, 2.0 and 
2.2 %, respectively after 150 h of desalting at 5, at 10 and at 15 ºC (p = 0.00019 in both 
cases) (fig. 38). Therefore and regardless of the temperature used, all desalted samples 
(“thicker” and “thinner” samples) exhibited approximately 83 % water content and 2 % salt 
content after 150 h of soaking (fig. 37 and 38), similar values found in other studies 
(Andrés et al. 2005b; Thorarinsdóttir 2010). Due to the high water content of the desalted 
cod, NaCl can be considered dissolved in the free liquid phase, being the quantity of 
sodium and chloride ions retained in the protein matrix negligible (Offer and Trinick 1983). 
Moreover, both greatest water uptake and salt loss were found in the first hours of 
desalting (mainly after 12 and 24 h) at different temperatures for both shaped cod pieces 
evaluated (p = 0.00019 in the most of the cases) (fig. 37 and 38). Thorarinsdóttir (2010) 
also observed that the faster changes (changes in water and salt contents) were observed 
at the beginning of the rehydration step. In addition, Aas et al. (2010) also shown that the 
uptake of water during rehydration decreased with increasing storage time. This is a 
normal behavior known from the mass transfer knowledge. Along the process, the driving 
force decreases, decreasing the mass transfer rate (Bird 2007).  
As mentioned above, it has been demonstrated that the mass transfer fluxes that happen 
during the desalting operation are due not only to the diffusion mechanism, but also to the 
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hydrodynamic mechanisms promoted by pressure gradients that occur during the cod 
matrix leaching and rehydration (Barat et al. 2004b; Andrés et al. 2005a). 
 
Generally, the water and salt contents found in thicker pieces changed faster in samples 
desalted at 15 ºC. However, differences between desalting temperatures were only 
significant after 12 and 24 h of desalting. After desalting for 12 h, “thicker” samples 
desalted at 15 ºC exhibited a higher water content and a lower salt content than “thicker” 
samples desalted at 5 ºC and at 10 ºC (p ≤  0.00022 in both cases). Additionally, after 24 
h of desalting, “thicker” samples desalted at 5 ºC showed a lower water content than 
“thicker” samples desalted at 10 ºC and at 15 ºC (p = 0.0033 and p = 0.00020, 
respectively) as well as a higher salt content than “thicker” samples desalted at 15 ºC (p = 
0.00019). So, the higher temperature increased the speed of desalting during the first 24 
h. Therefore, it seems that the kinetics of salt loss and water uptake increased with the 
increasing temperature up to 24 h of desalting. Nguyen et al. (2010) also wrote that the 
temperature is one of the main factors affecting the rate of water and salt diffusion. On the 
other hand, the water and salt contents obtained in “thinner” cod pieces desalted 
throughout 150 h were similar for all temperatures (p > 0.05), as shown in fig. 37 and 38. 
 
 
Figure 37 - Moisture (g water/g sample) obtained in both shaped cod pieces analyzed (TK = 
“Thicker” samples; TN = “Thinner” samples) during desalting at different temperatures for 150 h. 
Results represent average values ± standard deviations. 
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Figure 38 – Salt content (g NaCl/g sample) found in both shaped cod pieces evaluated (TK = 
“Thicker” samples; TN = “Thinner” samples) throughout desalting at different temperatures for 150 
h. Results represent average values ± standard deviations. 
 
As expected, changes in salt content were negatively correlated to changes in water 
content of the cod pieces analyzed (“thicker” and “thinner” pieces) (Table 62), which is in 
agreement with a previous study performed with salted cod (Thorarinsdóttir et al. 2010). 
So, there was an inverse relationship between water uptake and quantity of salt lost 
during soaking of both shaped cod pieces evaluated. Moreover, positive, significant (p = 
0.000) and strong correlations between salt (NaCl) and ash content found in cod samples 
(“thicker” and “thinner” samples desalted for 150 h) were also obtained for all 
temperatures (Table 63). For this reason, the ash content observed in both shaped cod 
pieces desalted at different temperatures for 150 hours was not shown. 
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Table 62 - p and r values obtained from the relation of moisture and salt content found in “thicker” 
and “thinner” cod samples desalted at different temperatures for 150 h (r = Pearson´s correlation 
coefficient).  
 
 
Cod pieces 
 
Desalting temperature 
  
5 ºC 
 
10 ºC 
 
15 ºC 
    
“Thicker” pieces r = - 0.977; p = 0.000 r = - 0.992; p = 0.000 r = - 0.990; p = 0.000 
“Thinner” pieces r = - 0.995; p = 0.000 r = - 0.991; p = 0.000 r = - 0.993; p = 0.000 
 
Table 63 - p and r values obtained from the relation of salt (NaCl) and ash content found in 
“thicker” and “thinner” cod samples desalted at different temperatures for 150 h (r = Pearson´s 
correlation coefficient). 
  
 
Cod pieces 
 
Desalting temperature 
  
5 ºC 
 
10 ºC 
 
15 ºC 
    
“Thicker” pieces r = 0.986; p = 0.000 r = 0.998; p = 0.000 r = 0.998; p = 0.000 
“Thinner” pieces r = 1.000; p = 0.000 r = 0.999; p = 0.000 r = 0.999; p = 0.000 
 
Generally, the water uptake and the salt leaching out of the muscle were faster in “thinner” 
samples than in ”thicker” samples (fig. 37 and 38). According to the water content, 
significant differences between both shaped cod pieces analyzed were only found after 12 
and 24 h of desalting at 5 ºC (p = 0.00017 in both cases), after 2, 12, 24 and 36 h of 
desalting at 10 ºC (p ≤ 0.0015 in both cases) and after 2 and 24 h of desalting at 15 ºC (p 
= 0.00017 and p = 0.018, respectively). Taking into account the salt content, differences 
between thicknesses (both shaped cod pieces evaluated) were only significant after 2, 12, 
24 and 36 h of desalting at 5 ºC and at 10 ºC (p ≤ 0.00018 in both cases) and after 2 and 
12 h of desalting at 15 ºC (p = 0.00017 in both cases). Therefore, the main differences 
between thicknesses, in accordance to the water and salt contents, were found generally 
throughout the first 36 h of desalting at different temperatures. Thus, the thickness usually 
influenced the water and salt contents of rehydrated cod samples. Thorarinsdóttir (2010) 
also reported that the rehydration rate is influenced by several variables, being the 
thickness one of them. Additionally, Andrés et al. (2005a) stated that the thickness can 
affect the characteristics of the desalted product. They also showed that the mass transfer 
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kinetics during the desalting process are greatly affected by the product’s structure, which 
in turn is highly dependent on the fish part, and the size and shape of the cod pieces 
(Andrés et al. 2005a). This is a normal result, also expected from the mass transfer 
knowledge, from which it is know that duplication of the thickness will lead to duplication of 
the processing time if the mechanism is controlled by mass convection or quadruplicating 
the time if the mechanism is dominated by mass diffusion (Bird 2007).  
 
Equilibrium of the desalting operations and desalted cod weight changes 
It has been reported that the equilibrium of the desalting operation could be defined from 2 
different points of view: no further mass transfer and, therefore, no weight changes, and 
no further changes in the NaCl concentration in the liquid phase (Barat et al. 2004a; 
Nguyen et al. 2012b). However, the rehydration has been referred to take more time than 
the desalting process, i.e. water uptake and weight continue to increase for some time 
after equilibrium is reached between the salt concentration in the liquid phase of the 
muscle and the surrounding solution (Barat et al. 2004a,b; Barat et al. 2006). Therefore 
and according to previous studies, the equilibrium was obtained in the current work 
considering that the zNaCl value at the equilibrium would be the same than that of the 
surrounding desalting solution (yNaCl) (zNaCle = yNaCle) (Barat et al. 2002; Barat et al. 
2004b,c). The comparison of the zNaCl values with yNaCl values observed during desalting 
of cod samples (“thicker” and “thinner” samples) at different temperatures for 150 h can be 
observed in fig. 39 and 40. 
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Figure 39 – ZNaCl and yNaCl values obtained during desalting of “thicker” cod pieces (TK) at different 
temperatures for 150 h. Results represent average values of replicates (0.000 ≤ SD ≤ 0.018 for 
ZNaCl values and 0.000 ≤ SD ≤ 0.001 for yNaCl values). 
 
 
 
Figure 40 – ZNaCl and yNaCl values found during desalting of “thinner” cod pieces at different 
temperatures for 150 h. Results represent average values of replicates (0.000 ≤ SD ≤ 0.018 for 
ZNaCl values and 0.000 ≤ SD ≤ 0.0003 for yNaCl values). 
 
Taking into account the fig. 39, absence of significant differences between ZNaCl and yNaCl 
values obtained during desalting of “thicker” cod pieces at different temperatures were 
found after 72 h of desalting at 5 ºC and at 10 ºC (p = 1.00 and p = 0.78, respectively) and 
after 48 h of desalting at 15 ºC (p = 0.23). The equilibrium was thus reached faster (after 
48 h) during desalting of “thicker” pieces at higher temperature (15 ºC) (fig. 39). On the 
other hand, when “thinner” cod pieces were desalted at different temperatures for 150 h, 
the absence of significant differences between ZNaCl and yNaCl values, and consequently, 
the equilibrium were found after 24 h of desalting (p ≥ 0.91 in both cases) (fig. 40). Barat 
et al. (2004b) desalted parallelepipeds with a dimension of 6 x 2.5 x 1 cm3 and also 
observed that the cod liquid phase reach a concentration near the equilibrium after 24 h of 
desalting. Therefore, the equilibrium was reached faster throughout desalting of “thinner” 
pieces than during soaking of “thicker” pieces (fig. 39 and 40). Andrés et al. (2005b) found 
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a ZNaCl value (0.028) in the end of desalting at 5 ºC, similar to the ZNaCl values observed 
when the equilibrium was reached (fig. 39 and 40). Furthermore, the YNaCl values ranged 
from 0.12 to 2.36 % and from 0.12 to 2.67 %, respectively during desalting of “thicker” and 
“thinner” cod pieces at different temperatures for 150 h (fig. 39 and 40).  
 
A negative, strong and significant (p = 0.000) correlation between ZNaCl and yNaCl values 
found during desalting of cod samples (“thicker” and “thinner” samples) for 150 h was 
obtained for all temperatures (Table 64). Therefore, it seems that the ZNaCl values 
decreased inversely proportional to the yNaCl values and, consequently, the salt was 
leached out from the muscle to the surrounding water, as already reported by other 
authors (Barat et al. 2004c; Thorarinsdóttir 2010).  
 
Table 64 - p and r values obtained from the relation of ZNaCl and YNaCl values obtained throughout 
desalting of cod samples (“thicker” and “thinner” samples) at different temperatures for 150 h (r = 
correlation coefficient).  
 
 
Cod pieces 
 
Desalting temperature 
  
5 ºC 
 
10 ºC 
 
15 ºC 
    
“Thicker” pieces r = - 0.939; p = 0.000 r = - 0.992; p = 0.000 r = - 0.982; p = 0.000 
“Thinner” pieces r = - 0.970; p = 0.000 r = - 0.904; p = 0.000 r = - 0.868; p = 0.000 
 
Barat et al. (2004c) also reported that the zNaCl value decreases during cod desalting, 
implying the proteins salting in and an increase in the WHC, contributing to the total cod 
weight increase. So, it is expected that the total cod weight increase is directly related to 
the water content obtained during cod desalting. For this reason, correlations between 
total weight changes ( ) and water content found in “thicker” and “thinner” cod samples 
desalted at different temperatures for 150 h were performed. As a result, positive, strong 
and significant (p = 0.000) correlations were obtained for all temperatures (Table 65). 
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Table 65 - p and r values obtained from the relation of total weight changes and water content 
found in “thicker” and “thinner” cod samples desalted at different temperatures for 150 hours (r = 
correlation coefficient).  
 
 
Cod pieces 
 
Desalting temperature 
  
5 ºC 
 
10 ºC 
 
15 ºC 
    
“Thicker” pieces r = 0.969; p = 0.000 r = 0.938; p = 0.000 r = 0.969; p = 0.000 
“Thinner” pieces r = 0.919; p = 0.000 r = 0.896; p = 0.000 r = 0.916; p = 0.000 
 
Additionally, Barat et al. (2004b) mentioned that the cod weight changes are explained by 
the gain and loss of water and salt, respectively during the first hours of desalting (around 
24 h). However, when the equilibrium between ZNaCl and YNaCl was reached, the cod 
weight increase is only due to the protein matrix rehydration, which produces the bulk 
entry of the external desalting solution, including the desalting water solutes (Barat et al. 
2004b). The same authors also reported that the mass transport in the last period of the 
process is only due to the presence of pressure gradients during the protein matrix 
rehydration (Barat et al. 2004b). 
 
Total weight changes (ΔMtº), water uptake (ΔMtw), salt loss (ΔMtNaCl) as well as soluble 
protein loss (ΔMtsp) obtained in both shaped cod pieces analyzed throughout 150 h of 
desalting at different temperatures (5, 10 and 15 ºC) and determined according to the 
equations used by Barat et al. (2004a) are shown in fig. 41, 42, 43 and 44.  
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Figure 41 - Relative mass changes (ΔMtº) (g/g) obtained in both shaped cod pieces evaluated (TK 
= “Thicker” samples; TN = “Thinner” samples) during desalting at different temperatures for 150 h. 
Results represent average values ± standard deviations. 
 
 
Figure 42 – Water weight changes (ΔMtw) found in both shaped cod pieces analyzed (TK = 
“Thicker” samples; TN = “Thinner” samples) during desalting at different temperatures for 150 h. 
Results represent average values ± standard deviations. 
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Figure 43 – NaCl weight changes (ΔMtNaCl) found in both shaped cod pieces evaluated (TK = 
“Thicker” samples; TN = “Thinner” samples) throughout desalting at different temperatures for 150 
h. Results represent average values ± standard deviations. 
 
 
 
Figure 44 – Soluble protein (sp) weight changes (ΔMtsp) obtained in both shaped cod pieces 
evaluated (TK = “Thicker” samples; TN = “Thinner” samples) during desalting at different 
temperatures for 150 h. Results represent average values ± standard deviations. 
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After desalting for 150 h, the values of total mass variation (ΔMtº) increased 34.5, 39.9 and 
32.5 % in “thicker” samples desalted respectively at 5, 10 and 15 ºC and 44.8, 56.3 and 
38.0 % in “thinner” samples soaked respectively at 5, 10 and 15 ºC (fig. 41). A still greater 
increase was found for the values of water mass variation (ΔMtw) in both shaped cod 
pieces evaluated (between 51.8 to 57.8% in “thicker” pieces and between 58.7 to 74.1% 
in “thinner” pieces) (fig. 42). The maximum mass and water gains (ΔMtº and ΔMtw) 
obtained at the end of the processes were exhibited by the cod samples (“thicker” and 
“thinner” samples) desalted at 10 ºC (fig. 41 and 42). For mass gain obtained in “thicker” 
samples, significant differences between desalting temperatures were only found after 
150 h of soaking. Such differences were significant between “thicker” samples desalted at 
10 ºC and “thicker” samples desalted at 5 ºC and at 15 ºC (p = 0.0066 and p = 0.00021, 
respectively). These differences were also found according to the water gain obtained in 
“thicker” samples (p = 0.00099 and p = 0.00020, respectively), although the significant 
differences (between temperatures) observed in “thicker” samples after 12 and 24 h of 
desalting with the water content results were also found with the water gain results (p ≤ 
0.00025 in both cases), as expected. Furthermore, “thinner” samples desalted at different 
temperatures after 150 h also exhibited values of mass and water gains significantly 
different from each other (p ≤ 0.0010 in both cases). And, after 48 h of desalting, “thinner” 
samples desalted at 15 ºC showed lower significantly values of mass and water gains 
than “thinner” samples desalted at 5 ºC and at 10 ºC (p = 0.00052 and p = 0.00074, 
respectively for mass gain and p = 0.028 and p = 0.0017, respectively for water gain). 
Therefore, it seems that the higher temperature only increased generally the mass 
(slightly) and water gains of “thicker” samples, mainly throughout the first 24 h of 
desalting, which is in agreement with the water content results shown in fig. 37. Barat et 
al. (2004a) also reported that the final cod weight increase is related to many variables, 
such as temperature.  
 
Generally, the greatest mass and water gains were found, respectively in the first 12 h 
and between the first 12 and 36 h of desalting at different temperatures for both shaped 
cod pieces analyzed (p ≤ 0.00028 and p ≤ 0.0011 in both cases, respectively). 
Additionally, other significant increases of mass and water gains were found after 36 h of 
desalting, being the most relevant observed between 72 and 150 h of desalting (p ≤ 
0.0028 in both cases) (fig. 41 and 42). This latter increase (water and mass) only was not 
observed during desalting of “thinner” samples at 15 ºC (p ≥ 0.80) (fig. 41 and 42). Thus, 
the water uptake and weight continued generally to increase after the equilibrium had 
been reached between the salt concentration in the liquid phase of the muscle and the 
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surrounding solution, as expected and reported by other authors (Barat et al. 2004a,b; 
Barat et al. 2006). Barat et al. (2004c) also mentioned that the water weight changes 
underwent a very important increase from 24 to 130 h. It seems that to achieve higher 
yields (higher weight of final desalted cod/weight of initial salted cod values), the use of 
longer desalting times can be a good solution, as already referred by Barat et al. (2004c). 
Moreover, such yields seem to be even greater if the soaking is performed at 10 ºC than 
at 5 ºC or at 15 ºC 
 
The NaCl mass variation values found at the end of desalting at different temperatures 
showed negative values, indicating the loss of approximately 17.5 % and 17.0 % of the 
NaCl in the “thicker” and “thinner” pieces, respectively (fig. 38 and 43). NaCl losses were 
almost none from 24 to 150 h of processing in “thinner” pieces while in “thicker” pieces, 
those losses became practically none later (between 48 and 72 h until 150 h) (fig. 43). 
Barat et al. (2004c) also showed similar results to those found in “thinner” pieces (NaCl 
losses almost constant from 24 to 130 h of desalting). The salt loss results (ΔMtNaCl) allow 
us to confirm the faster salt loss found in “thicker” samples during the early hours of 
soaking (mainly after 12 and 24 h) at 15 ºC and the similarities found between desalting 
temperatures in “thinner” samples (fig. 43).  
 
Muñoz-Guerrero et al. (2010) studied the cod desalting process at 4 ºC during 72 h and 
observed values of total, water and NaCl mass variation (ΔMtº, ΔMtw and ΔMtNaCl) in cod 
fillets similar to those values obtained in the current work after desalting of “thicker” 
samples at different temperatures for 72 h. 
 
The values of relative weight changes (ΔMtº), water uptake (ΔMtw) and salt loss (ΔMtNaCl) 
confirm the cod pieces rehydration process and the mass transport phenomena that 
govern the process, as reported by Muñoz-Guerrero et al. (2010). The same authors also 
mentioned that the main components transferred during cod desalting were water and 
NaCl, as it demonstrates the fact that the index of variation of the mass of other 
components accounts for only 2.5 % of its mass. As referred above, it has also been 
stated that besides the water and NaCl (Na+ and Cl− ions), proteins are also transferred 
during cod desalting but in smaller proportion, resulting in protein-containing residual brine 
(Muñoz-Guerrero et al. 2010; Thorarinsdóttir 2010). Therefore, it seems that the solutes 
are the Na+ and Cl- ions, the solvent is water and the inert matrix is constituted by the 
muscle proteins (Barat et al. 2004b). The values of soluble protein weight changes (ΔMtsp) 
determined in the current study ranged from -0.03 to 0.02 (w/w) in “thicker” pieces and 
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from -0.05 to 0.00 (w/w) in “thicker” pieces (fig. 44). These ranges comproved that the 
weight changes in soluble protein were very small, as reported by Barat et al. (2004a). 
Additionally, the weight changes in soluble protein (ΔMtsp) were generally and significantly 
higher in ”thicker” and “thinner” samples desalted at 15 ºC than in those samples desalted 
at 5 ºC and at 10 ºC (p ≤ 0.0027 and p ≤ 0.00025, respectively for “thicker” pieces and p ≤ 
0.012 and p ≤ 0.0022, respectively for “thinner” pieces) (fig. 44). 
 
During 150 h of desalting at different temperatures, the mass and water gains (ΔMtº and  
ΔMtw) were higher in “thinner” cod samples than in ”thicker” cod samples (p ≤ 0.00099) 
(fig. 41 and 42). Differences between both cod pieces analyzed were only not significant 
after 150 h of desalting at 15 ºC for mass gain (p = 0.083) (fig. 41). Generally, the salt loss 
(ΔMtNaCl) and the soluble protein weight changes (ΔMtsp) values were also higher in 
“thinner” samples than in “thicker” samples through desalting at different temperatures for 
150 h (p = 0.00017 and p ≤ 0.0073 in both cases, respectively) (fig. 43 and 44). So, it 
seems that the slight soluble protein loss was generally higher in “thinner” samples than in 
“thicker” samples. Therefore, the thickness normally influenced the total, water, NaCl and 
soluble protein weight changes of rehydrated cod samples. Andrés et al. (2005a) also 
showed that the relative mass changes were different depending on the fish part which 
has been desalted, being the higher mass gain observed in tail pieces (lower thickness). 
 
The refractive index was measured along desalting to evaluate the possibility of using it as 
a noninvasive method to determine the end of salt transfer. Fig. 45 illustrates that the 
refractive index values increased generally very fast in desalting water used to desalt 
“thicker” pieces during 72 h of processing at 5 ºC and at 10 ºC (p = 0.00018 in both cases) 
and throughout 48 h of desalting at 15 ºC (p ≤ 0.00019), moments when the equilibrium 
between the ZNaCl and YNaCl values was reached. After those times, significant differences 
between desalting times were no longer found (p ≥ 0.98), in accordance to the refractive 
index values found in desalting water used to desalt “thicker” pieces. Fig. 45 also shows 
that the refractive index values increased very quickly in desalting water used to desalt 
“thinner” samples throughout the first 24 h of desalting at different temperatures (p = 
0.00019 in both cases), the time in which the equilibrium between ZNaCl and YNaCl values 
was reached. From the 24 h to the 150 h of desalting processing at different temperatures, 
generally the refractive index values obtained in desalting water used to desalt “thinner” 
samples increased slowly between 24 and 48 h, remaining almost constant after that. 
Thus, it seems that the equilibrium was reached when the refractive index values found in 
desalting water used to desalt “thicker” and “thinner” samples at different temperatures 
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reached, respectively between 1.3365 to 1.3372 and approximately 1.3362 (fig. 45 and 
Table 66). Taking into account the refractive index values, it is also possible to conclude 
that the equilibrium was reached faster when desalting was performed with “thinner” 
samples than when performed with “thicker” samples (fig. 45). So, the measure of 
refractive index, which is very easy, fast and non-destructive/non-invasive, can be used as 
an indirect measure to determine the moment at which the cod samples are near 
equilibrium.  
 
 
Figure 45 – Refractive index values found in desalting water (DW) used to desalt “thicker” (TK) and 
“thinner” (TN) samples at different temperatures during 150 h. Results represent average values ± 
standard deviations. 
 
Table 66 – ZNaCl, YNaCl and refractive index (IR) values found when the equilibrium between the 
ZNaCl and YNaCl values was reached. Results shown in the table were obtained during desalting of 
“thicker” (TK) and “thinner” (TN) samples at different temperatures for 150 h. 
   
 
Samples 
 
T ºC 
 
Desalting 
time (h) 
 
Z NaCl 
 
YNaCl 
 
IR 
 
TK 
 
5 
 
72 
 
0.025 
 
0.020 
 
1.3365 
TK 10 72 0.029 0.020 1.3369 
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TK 15 48 0.031 0.020 1.3372 
TN 5 24 0.024 0.018 1.3360 
TN 10 24 0.022 0.019 1.3362 
TN 15 24 0.026 0.019 1.3365 
 
As expected, a negative, strong and significant (p = 0.000) correlation between refractive 
index (IR) and ZNaCl values found during desalting of cod samples (“thicker” (TK) and 
“thinner” (TN) samples) for 150 h were obtained for all temperatures (Table 67). 
Therefore, it seems that the refractive index values increased inversely proportional to the 
ZNaCl values, as observed with yNaCl values. Furthermore, a high correlation between 
refractive index (IR) and YNaCl values obtained during desalting of cod samples (“thicker” 
and “thinner” samples) for 150 h was also observed for all temperatures (Table 67).  
 
Table 67 - p and r values found from the relation of  ZNaCl and yNaCl values with refractive index (IR) 
values obtained during desalting of cod samples (“thicker” and “thinner” samples) at different 
temperatures for 150 h (r = correlation coefficient).  
  
 
Cod pieces 
 
Desalting temperature 
  
6 ºC 
 
12 ºC 
 
18 ºC 
    
ZNaCl vs IR (TK) r = - 0.980; p = 0.000 r = - 0.984; p = 0.000 r = - 0.969; p = 0.000 
ZNaCl vs IR (TN) 
YNaCl vs IR (TK) 
YNaCl vs IR (TN) 
r = - 0.911; p = 0.000 
r = 0.950; p = 0.000 
r = 0.864; p = 0.000 
r = - 0.927; p = 0.000 
r = 0.989; p = 0.000 
r = 0.971; p = 0.000 
r = - 0.871; p = 0.000 
r = 0.969; p = 0.000 
r = 0.979; p = 0.000 
 
According to the refractive index values found in both shaped cod pieces analyzed, the 
following trend: 5 ºC < 10 ºC < 15 ºC was observed after 24 h of desalting (fig. 45). 
 
Mass transfer kinetics during the cod desalting process - General overview 
The water and salt contents found in desalted “thicker” cod pieces seem to depend on 
desalting temperature and time. Moreover, these contents obtained in desalted “thinner” 
cod samples only seem to depend on desalting time. The relative weight changes (ΔMtº), 
water uptake (ΔMtw), salt loss (ΔMtNaCl) as well as soluble protein loss (ΔMtsp) obtained in 
“thicker” and “thinner” cod muscles also seem to depend on desalting temperature, 
desalting time and thickness. This latter parameter also influenced generally the water 
and salt contents of rehydrated cod samples and the time in which the equilibrium was 
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found. The equilibrium was reached faster (after 48 h) during desalting of “thicker” pieces 
at higher temperature (15 ºC).  
It seems that to achieve higher yields the use of longer desalting times can be a good 
solution. Moreover, soaking at 10 ºC instead of at 5 ºC or at 15 ºC seems to increase even 
more the yields. 
The indirect measure of the NaCl concentration in the desalting water (refractive index) 
was proposed as a possible way to estimate the moment at which the cod samples are 
near equilibrium.  
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4.1 Conclusions 
 
Storage time and/or storage temperature affected, at a certain point, most of the chemical 
compounds and bacteria studied, as well as all the physical parameters and the sensory 
attributes evaluated. Generally, salt-curing made the fish more yellow and with less 
whiteness. Such trend was more evident at higher storage temperature. The products 
salt-cured at 18 ºC after 76 days exhibited a red/pink discoloration of the flesh surface, 
perhaps due to the higher number of red-halophilic bacteria found in these samples. The 
whiteness, b* and a* parameters were considered as the best color coordinates to assess 
the quality of the samples salt-cured at different temperatures. The hardness and the 
gumminess found in the loin zone of the samples were the textural parameters mostly 
affected by salt-curing. These two textural parameters and the resilience seem to be the 
most appropriate to assess instrumentally the quality of products salt-cured at different 
temperatures during 76 days mainly in the loin part. The higher number of halophilic 
bacteria found in the loin part of samples salt-cured at 18 ºC after 76 days probably was 
responsible for the softening and gumminess decrease observed between 31 and 76 days 
of salt-curing at 18 ºC and for the textural differences found between temperatures after 
76 days.  
Generally, the zone of the cod samples analyzed (loin zone and zone close to the tail) 
also influenced the color coordinates. However, differences between both positions 
evaluated were only relevant after 76 days for some of the textural parameters obtained in 
salt-cured samples. 
The mesophilic and psychrotrophic bacteria (TVC and proteolytic bacteria) found in 
samples salt-cured at different temperatures were probably not actually growing but 
surviving at low water activities and high salt content. The psychrotrophic bacteria 
remained more time in samples salt-cured at 6 ºC than in samples salt-cured at 12 ºC and 
at 18 ºC. The growth of red-halophilic bacteria was slow in salt-cured samples and only 
happened at temperatures above 6 ºC after 76 days. Halophilic bacteria perhaps are also 
responsible by the highest intensity of not characteristic odor obtained in samples salt-
cured at 12 ºC and at 18 ºC after 76 days. 
 
Based on the TVB-N values, the number of halophilic bacteria, the odor and mucus 
results, samples salt-cured at 12 ºC after 76 days reflected products which were close to 
reach inacceptable spoilage and with low quality. Moreover, samples salt-cured at 18 ºC 
after 76 days showed degradation signs according to the TVB-N and free amino acids 
contents, the pH and some color coordinates (mainly whiteness, a* and b* values) values, 
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the number of halophilic bacteria, as well as the sensory attributes (odor, color, mucus 
and brightness) found in these samples. Such samples were considered spoiled products 
without adequate quality. Salt-curing at lower temperature did not affect the quality of the 
samples. Thus, samples salt-cured at 6 ºC were considered stable products with better 
quality. Salt-curing should not be done at temperatures above 6 ºC to avoid the spoilage 
of salt-cured samples by halophilic bacteria. 
 
The desalting process resulted in an increase of water content and a decrease of salt, 
protein, TBV-N, TBA and free amino acids contents. Both greatest water uptake and salt 
loss were found in the first hours of desalting (mainly after 12 and 24 h) at different 
temperatures for both shapes of cod pieces evaluated. Generally, the TVB-N and free 
amino acids values found in “thicker” desalted samples were influenced, at a certain point, 
by the higher desalting temperature, probably due to the higher number of bacteria found 
in these samples. Thickness also promoted changes in the free amino acids values found 
in samples desalted at different temperatures, maybe due to the different water and salt 
contents observed in both shaped cod pieces evaluated. 
The color of the desalted cod pieces seems to be influenced by desalting time and 
temperature. More than one mechanism was considered involved in the color changes 
observed in desalted products (e.g. chemical and microbial changes). It seems that the 
color of desalted products was well characterized by the whiteness parameter. Thus, this 
parameter possibly can be used to assess the quality of the desalted cod samples.  
Desalting promoted a decrease of hardness, gumminess, chewiness and adhesiveness in 
both shapes of cod pieces analyzed. The effect of desalting temperature was the less 
relevant in terms of textural changes, being the effect of soaking time and thickness the 
most important. Only the adhesiveness, the cohesiveness and the springiness values 
showed relevant significant differences between desalting temperatures and were 
considered good mechanical parameters to evaluate the quality of samples submitted to 
different desalting temperatures.  
The water uptake and the salt leaching out of the muscle observed during the desalting 
processes created conditions for the growth of bacteria contributing to the spoilage 
process of samples desalted at 15 ºC. Bacterial growth was influenced by desalting 
temperature, desalting time and thickness of the samples. The turbidity measurement can 
be a good solution for industry to check microbial levels in desalting water and, 
consecutively, to monitor these levels in cod samples during desalting without expending 
too much time. The measurement of TVC in desalting water is also a possible way to 
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estimate the number of these bacteria, and consequently the quality, in cod samples 
during desalting. 
Based on the fresh odor and on the “off”-flavors results, samples desalted at 15 ºC were 
considered close to spoilage. The temperature control during desalting is extremely 
important, among other reasons, to avoid the microbial growth and the consequent “off”-
flavor changes in cod once desalted. Moreover, cod desalting at lower temperatures 
(refrigeration conditions) is of great importance in order to extend the shelf life and safety 
of cod desalted products. Desalting cod at temperatures above 10 ºC is not advisable. 
 
The water and salt contents found in desalted pieces also seem to depend on desalting 
temperature during the first 24 h (in “thicker” pieces) and on thickness. The relative weight 
changes (ΔMtº), water uptake (ΔMtw), salt loss (ΔMtNaCl) as well as soluble protein loss 
(ΔMtsp) obtained in “thicker” and “thinner” cod muscles depend, at a certain point, on 
desalting temperature, desalting time and thickness. This latter also influenced the time 
when the equilibrium was found. For “thicker” pieces, the equilibrium was reached faster 
(after 48 h) during desalting at higher temperature (15 ºC). Regardless of the temperature 
used during desalting, the equilibrium in the NaCl concentration of the cod liquid phase 
was reached before the equilibrium in the weight increase. Higher yields can be achieved 
with longer desalting times at 10 ºC. The indirect measure of the NaCl concentration in the 
desalting water was proposed as a possible way to estimate the moment at which the cod 
samples are near equilibrium.  
 
Scientific research and industry 
 
Despite the lower availability of cod that has been observed in recent years and a 
corresponding reduction in the number of landings, cod will never lose its place of 
prominence and will always be a product with considerable market space. However, in the 
society in which we live today, it is necessary to make it a more convenient product. 
Cod and its products are a very good example of a working area in which industry is the 
main inducer of research, and where research is mainly driven by commerce. Despite this 
undeniable fact, some of the research performed during the last years seems to be 
focused on very small details, parts of which the fish industry does not seem to be directly 
interested in. The cod industry is a very strong and financially important one, but, probably 
due to tradition and instinct of keeping industrial secrets (by fear of losing added value in 
favor of others), it seems difficult to establish a direct relationship between the cod 
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industry and cod research, as it is so evident in the pharmaceutical industry with its 
research on human health. 
Due to the complexity and variability of cod processing techniques, it is difficult to work 
with cod as raw material. Working with samples directly obtained from the industry is 
difficult due to the many variations, which are sometimes impossible to control or avoid. 
And in laboratories, the real conditions used in industry are difficult to imitate or simulate. 
This situation seems to have induced 2 main different kinds of publications: institutional 
researchers publish articles on processing, quality, or marketing details, and industry 
investigators study the more interesting and useful processing components, but do not 
always publish them, as industrial activities and findings incur high costs and cannot be 
shared with competitors. 
One must not forget that strong financial interests in successful countries like Norway and 
Iceland are the major cod industry movers, so a little action by them can make all the 
difference in this competitive market to shape a well-defined strategy for cod product 
development.  
The cod industry is obviously following the modern tendencies of the society which 
demands convenient products that are easy to choose, buy, keep, manipulate, cook, eat, 
and digest with benefits. New products will be, as usual, the result of industry 
developments and research discoveries, but it seems that better coordination of overall 
efforts would increase efficacy in this process and be beneficial to everyone. 
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4.2 Further perspectives 
 
The salted and dried cod and corresponding products are important food items in 
Portugal, where the tradition, consumption and value of such products are the strongest in 
the world. Further studies will be focused on recent products in the market, like frozen 
desalted cod, due to the relatively scarce information available in scientific publications 
and to the high interest shown by the industry in it. This kind of data is indispensable to 
establish correct food safety plans, for example through the now legally requirement of 
HACCP implementation. In this context, the main goals for the future work are: 
 
- Assess quality changes during freezing of desalted cod at different temperatures 
and times by chemical, physical, sensory and microbiological analysis.  
- Establish the shelf life of frozen desalted cod. 
- Develop a QIM proposal (sensory analysis) for frozen desalted cod. 
- Obtaining deterioration rates during the freezing process at different temperatures. 
 
 
On the other hand, a better characterization and identification of the bacteria presented in 
cod samples desalted at different temperatures probably can open other possibilities for 
further research in the field of spoilage and safety, and also can allow a better 
comprehension of the influence of microorganisms on the sensory characteristics of 
desalted cod product. 
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